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NOMENCLATURE 


Preparations  appear  in  the  alphabetical  order  of  common  names 
of  the  compounds.  For  convenience  in  surveying  the  literature 
concerning  any  preparation  through  Chemical  Abstracts  subject 
indexes,  the  Chemical  Abstracts  indexing  name  for  each  compound 
is  given  as  a  subtitle  if  it  differs  from  the  common  name  used  as 
the  title. 


SUBMISSION  OF  PREPARATIONS 

Chemists  are  invited  to  submit  for  publication  in  Organic  Syn¬ 
theses  procedures  for  the  preparation  of  compounds  which  are  of 
general  interest,  as  well  as  procedures  which  illustrate  synthetic 
methods  of  general  utility.  It  is  fundamental  to  the  usefulness 
of  Organic  Syntheses  that  submitted  procedures  represent  opti¬ 
mum  conditions,  and  the  procedures  should  have  been  checked 
carefully  by  the  submitters,  not  only  for  yield  and  physical  prop¬ 
erties  of  the  products,  but  also  for  any  hazards  that  may  be  in¬ 
volved.  Full  details  of  all  manipulations  should  be  described, 
and  the  range  of  yields  should  be  reported  rather  than  the  maxi¬ 
mum  yield  obtainable  by  an  operator  who  has  had  considerable 
experience  with  the  preparation.  For  each  solid  product  the 
melting-point  range  should  be  reported,  and  for  each  liquid 
product  the  range  of  boiling  point  and  refractive  index  should 
be  included.  In  some  instances,  it  is  desirable  to  include  addi¬ 
tional  physical  properties  of  the  product,  such  as  ultraviolet, 
infrared,  or  nuclear  magnetic  resonance  spectra.  The  methods 
of  preparation  or  sources  of  the  reactants  should  be  described  in 
notes,  and  the  physical  properties  (such  as  boiling  point,  index  of 
refraction,  melting  point)  of  the  reactants  should  be  included 
except  where  rather  standard  commercial  grades  are  specified. 

Procedures  should  be  written  in  the  style  and  format  employed 
in  the  latest  published  volume  of  Organic  Syntheses.  Copies  of 
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the  current  style  sheet  may  be  obtained  from  the  Secretary  of 
the  Editorial  Board.  In  Section  3,  Methods  of  Preparation,  there 
should  be  described  other  practical  methods  for  preparing  the 
compound  which  have  appeared  in  the  literature.  It  is  unneces¬ 
sary  to  mention  methods  which  have  been  published  but  are  of 
no  practical  synthetic  value.  In  Section  4,  Merits  of  the  Prepa¬ 
ration,  a  statement  should  be  made  indicating  why  the  prepara¬ 
tion  is  published  in  Organic  Syntheses.  Among  the  obvious 
reasons  for  publication  would  be  the  novelty  of  the  procedure, 
general  scope  of  the  synthetic  method,  specific  interest  in  the 
compound  or  its  use  as  an  intermediate  for  preparing  other  com¬ 
pounds,  convenience  of  the  method,  and  improvement  in  yields. 
Three  copies  of  each  procedure  should  be  submitted  to  the  Sec¬ 
retary  of  the  Editorial  Board.  It  is  sometimes  helpful  to  the 
Board  if  there  is  an  accompanying  letter  setting  forth  the  features 
of  the  preparation  which  are  of  interest. 

Additions,  corrections,  and  improvements  to  the  preparations 
previously  published  are  welcomed  and  should  be  directed  to  the 
Secretary. 


EDITOR’S  PREFACE 


For  nearly  five  decades  the  basic  style  and  format  of  Organic 
Syntheses  have  remained  relatively  constant.  In  the  past  ten 
years,  however,  the  Editorial  Board  has  made  a  major  effort  to 
make  Organic  Syntheses  a  living  repository  of  modern  synthetic 
organic  chemistry.  With  the  use  of  the  solicitation  program  and 
the  cooperation  of  our  contributors,  considerable  progress  has 
been  made  in  portraying,  in  experimental  terms,  the  renaissance 
which  has  occurred  in  synthetic  organic  chemistry  in  recent 
years.  Insofar  as  possible  it  is  our  aim  to  have  each  preparation 
represent  a  new  or  improved  general  synthetic  method,  or  a 
unique  compound  of  major  theoretical  or  practical  importance. 
In  connection  with  this  objective  it  is  also  obvious  that  the 
Merits  Section  of  each  preparation  deserves  the  careful  attention 
of  both  the  chemist  who  submits  the  preparation  and  the  chemist 
who  reads  it. 

Notable  examples  of  general  synthetic  procedures  in  Volume 
47  include  the  synthesis  of  aromatic  aldehydes  (from  dichloro- 
methyl  methyl  ether),  aliphatic  aldehydes  (from  alkyl  halides  and 
trimethylamine  oxide  and  by  oxidation  of  alcohols  using  dimethyl 
sulfoxide,  dicyclohexylcarbodiimide,  and  pyridinum  trifluoro- 
acetate;  the  latter  method  is  particularly  useful  since  the  condi¬ 
tions  are  so  mild),  carbethoxycycloalkanones  (from  sodium  hydride, 
diethyl  carbonate,  and  the  cycloalkanone),  m-dialkylbenzenes 
(from  the  ^-isomer  by  isomerization  with  hydrogen  fluoride  and 
boron  trifluoride),  and  the  deamination  of  amines  (by  conversion 
to  the  nitrosoamide  and  thermolysis  to  the  ester).  Other  general 
methods  are  represented  by  the  synthesis  of  1 ,1-diftuoro olefins 
(from  sodium  chlorodifluoroacetate,  triphenyl  phosphine,  and  an 
aldehyde  or  ketone),  the  nitration  of  aromatic  rings  (with  ni- 
tronium  tetrafluoroborate),  the  reductive  methylation  of  aromatic 
nitro  compounds  (with  formaldehyde  and  hydrogen),  the  syn¬ 
thesis  of  dialkyl  ketones  (from  carboxylic  acids  and  iron  powder), 
and  the  preparation  of  1-substituted  cyclopropanols  (from  the 
condensation  of  a  l,3-dichloro-2-propanol  derivative  and  ethyl- 
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viii 

magnesium  bromide  catalyzed  by  ferric  chloride).  Useful  syn¬ 
theses  based  on  carbanion  chemistry  include  those  of  a-phenyl 
esters  (by  alkylation  of  ethyl  phenylacetate  with  alkyl  halides 
and  sodium  amide),  ketones  (by  concurrent  alkylation  and  cleav¬ 
age  of  2,4-pentanedione  with  a  reactive  alkyl  halide  and  potas¬ 
sium  carbonate),  and  2,4-diketones  (from  the  dianion  of  2,4- 
pentanedione  and  alkyl  halides).  Other  general  procedures 
include  the  preparation  of  anhydrides  (from  acids,  phosgene,  and 
triethylamine),  the  reduction  of  organic  halides  (using  isopropyl 
alcohol  and  magnesium  powder),  and  the  preparation  of  un¬ 
solvated  Grignard  reagents.  Two  photolytic  preparations  (both 
of  which  can  be  generalized  and  illustrate  the  great  utility  of  this 
technique)  are  those  of  1 ,2-divinylcyclobutane  (from  butadiene) 
and  cyclohexylidenecyclohexane  (from  decarbonylation  of  the  cor¬ 
responding  ketene  dimer).  The  merits  of  the  lithium  aluminum 
hydride-aluminum  chloride  reagent  are  illuminated  by  the  reduc¬ 
tion  of  a  ketal  to  a  (3-hydroxy ethyl  ether  and  by  the  synthesis  of 
an  equatorial  alcohol  from  an  alkylcyclohexanone. 

Compounds  of  special  interest  whose  preparation  is  described 
include  1 ,2 ,3-benzothiadiazole  1,1-dioxide  (a  benzyne  precursor 
under  exceptionally  mild  conditions),  bis(l ,3-diphenylimida- 
zolidinylidene-2 )  (whose  chemistry  is  quite  remarkable),  6-(di- 
methylamino)fulvene  (a  useful  intermediate  for  fused-ring  non- 
benzenoid  aromatic  compounds),  diphenylcyclopropenone  (the 
synthesis  of  which  is  a  milestone  in  theoretical  organic  chemistry), 
ketene  di(2-methoxy ethyl)  acetal  (the  easiest  ketene  acetal  to 
prepare),  2-methylcyclopentane-l ,3-dione  (a  useful  intermediate  in 
steroid  synthesis),  and  2-phenyl-5-oxazolone  (an  important  inter¬ 
mediate  in  amino  acid  chemistry). 

As  always,  the  Editors  express  their  appreciation  to  the  many 
contributors  who  make  Organic  Syntheses  possible.  We  are 
particularly  grateful  for  the  patience  and  understanding  shown 
by  these  chemists  during  the  seemingly  interminable  delays 
which  often  occur  between  the  acceptance  of  a  preparation  and 
its  publication.  We  continue  to  welcome  any  suggestions  on 
form,  content,  and  improvements  by  which  Organic  Syntheses 
can  better  serve  organic  chemists. 


WiLLrAM  D.  Emmons 
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AROMATIC  ALDEHYDES.  MESITALDEHYDE 
(Benzaldehyde,  2 ,4,6- trimethyl-) 


H3C  ch3 


ch3 


+  Cl2CHOCH3 


TiCU 

- > 


Cl 

CH3OCH 

H3C  |  CH3 


ch3 


CHO 

H3C  |  CH3 


ch3 


+  CH3OH  +  HC1 


Submitted  by  A.  Rieche,  H.  Gross,  and  E.  Ho  ft  1 
Checked  by  G.  N.  Taylor  and  K.  B.  Wiberg 


1.  Procedure 

A  solution  of  72  g.  (0.60  mole)  of  mesitylene  in  375  ml.  of  dry 
methylene  chloride  is  placed  in  a  1-1.  three-necked  flask  equipped 
with  a  reflux  condenser,  a  stirrer,  and  a  dropping  funnel.  The 
solution  is  cooled  in  an  ice  bath,  and  190  g.  (110  ml.,  1.0  mole)  of 
titanium  tetrachloride  is  added  over  a  period  of  3  minutes. 
While  the  solution  is  stirred  and  cooled,  57.5  g.  (0.5  mole)  of 
dichloromethyl  methyl  ether 2  is  added  dropwise  over  a  25- 
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minute  period.  The  reaction  begins  (as  indicated  by  evolution 
of  hydrogen  chloride)  when  the  first  drop  of  chloro  ether  is  added. 
After  the  addition  is  complete,  the  mixture  is  stirred  for  5  minutes 
in  the  ice  bath,  for  30  minutes  without  cooling,  and  for  15  minutes 
at  35°. 

The  reaction  mixture  is  poured  into  a  separatory  funnel  con¬ 
taining  about  0.5  kg.  of  crushed  ice  and  is  shaken  thoroughly. 
The  organic  layer  is  separated,  and  the  aqueous  solution  is  ex¬ 
tracted  with  two  50-ml.  portions  of  methylene  chloride.  The 
combined  organic  solution  is  washed  three  times  with  75-ml. 
portions  of  water.  A  crystal  of  hydroquinone  is  added  to  the 
methylene  chloride  solution  (Note  1)  which  is  then  dried  over 
anhydrous  sodium  sulfate.  After  evaporation  of  the  solvent,  the 
residue  is  distilled  to  give  the  crude  product,  b.p.  68-74° 
(0.9  mm.).  After  redistillation  there  is  obtained  60-66  g. 
(81-89%)  of  mesitaldehyde ;  b.p.  113-115°  (11  mm.),  »20d  1.5538. 


2.  Note 

1.  Hydroquinone  retards  the  autoxidation  of  the  aldehyde. 


3.  Methods  of  Preparation 

Mesitaldehyde  may  be  prepared  from  mesitylmagnesium  bro¬ 
mide  by  the  reaction  with  orthoformate  esters 3  or  ethoxy - 
methyleneaniline  ;3  from  acetylmesitylene  by  oxidation  with 
potassium  permanganate;4  from  mesitoyl  chloride  by  reduction;5 
from  mesityllithium  by  the  reaction  with  iron  pentacarbonyl;6 
and  from  mesitylene  by  treatment  with  formyl  fluoride  and  boron 
trifluoride,7  by  treatment  with  carbon  monoxide,  hydrogen  chlo¬ 
ride,  and  aluminum  chloride,8  or  by  various  applications  of  the 
Gatterman  synthesis.9-11 

4.  Merits  of  the  Preparation 

The  preparation  of  mesitaldehyde  is  an  example  of  a  generally 
applicable  method  for  the  preparation  of  aromatic  aldehydes  by 
treatment  of  aromatic  compounds  with  dichloromethyl  methyl 
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ether.12  Aldehydes  derived  from  polynuclear  aromatic  com¬ 
pounds,12,13  phenols,14  phenol  ethers,12  and  hetero-aromatic 
compounds  12  are  also  obtained  using  this  procedure.  In  addition, 
colchicine  derivatives  have  been  formylated  15  by  means  of 
dichloromethyl  methyl  ether. 

1.  Institute  for  Organic  Chemistry  of  the  German  Academy  of  Sciences  at  Berlin, 
Berlin- Adlershof,  Germany. 

2.  H.  Gross,  A.  Rieche,  E.  Hoft,  and  E.  Beyer,  this  volume,  p.  47. 

3.  L.  I.  Smith  and  J.  Nichols,  J .  Org.  Chem.,  6,  489  (1941). 

4.  R.  P.  Barnes,  C.  I.  Pierce,  and  C.  C.  Cochrane,  J.  Am.  Chem.  Soc.,  62,  1084 
(1940). 

5.  R.  P.  Barnes,  Org.  Syntheses,  Coll.  Vol.  3,  551  (1955). 

6.  M.  Ryang,  I.  Rhee,  and  S.  Tsutsumi,  Bull.  Chem.  Soc.  Japan,  37,  341  (1964). 
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1,2,3-BENZOTHIADIAZOLE  1,1-DIOXIDE 


NaN02 

H2S04>H3P04 


S02  J 

Fe2+,  Cu 


^^/N°2 


1,  NaOH 

2.  H2,  Pd 


Submitted  by  G.  Wittig  and  R.  W.  Hoffmann  1 

Checked  by  C.  D.  Smith,  R.  A.  Clement,  and  B.  C.  McKusick 


1.  Procedure 

A.  2-Nitrobenzenesulfinic  acid  ( Note  1).  Caution!  This  re¬ 
action  should  he  done  in  a  good  hood  because  noxious  fumes  are 
released. 

2-Nitroaniline  (13.8  g.,  0.10  mole)  (Note  2)  is  dissolved  in  a 
hot  solution  of  75  ml.  of  96%  sulfuric  acid,  100  ml.  of  phosphoric 
acid  (density  1.7),  and  50  ml.  of  water  in  a  1-1.  beaker.  A  stirrer 
and  a  thermometer  are  introduced  into  the  mixture,  and  the 
beaker  is  immersed  in  an  ice  bath.  A  solution  of  8.3  g.  (0.12  mole) 
of  sodium  nitrite  in  25  ml.  of  water  is  added  dropwise  to  the 
well-stirred  solution  at  such  a  rate  that  the  temperature  is  main¬ 
tained  at  10-15°.  Excess  nitrite  is  destroyed  by  adding  sulfamic 
acid  in  small  portions  (Note  3).  The  mixture  is  cooled  to  —10° 
in  an  ice-salt  bath,  and  about  50  ml.  of  liquid  sulfur  dioxide 
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(Note  4)  is  poured  into  the  well-stirred  reaction.  The  product  is 
immediately  poured  onto  a  mixture  of  55.6  g.  (0.20  mole)  of 
FeSC>4-7  H2O  and  1  g.  of  defatted  copper  powder  in  a  wide  2-1. 
beaker.  Nitrogen  and  excess  sulfur  dioxide  bubble  off  with 
much  foaming. 

After  30  minutes  the  solid  sulfinic  acid  is  separated  on  a  fritted- 
glass  filter.  The  sulfinic  acid  is  dissolved  from  the  filter  by  a 
mixture  of  750  ml.  of  ether  and  750  ml.  of  methylene  chloride. 
The  solution  is  dried  over  calcium  chloride  and  evaporated  to 
dryness  under  reduced  pressure  (bath  temperature  25°)  (Note  5). 
The  residue  is  suspended  in  50  ml.  of  water,  and  small  portions 
of  dilute  ammonia  are  added  to  the  well-stirred  suspension  until 
it  has  a  pH  of  9  (Note  6).  Insoluble  impurities  are  separated  by 
filtration,  and  2-nitrobenzenesulfinic  acid  is  precipitated  from 
the  filtrate  by  adding  5-ml.  portions  of  6 N  hydrochloric  acid 
with  cooling;  the  sulfinic  acid  precipitated  by  each  portion  of 
acid  is  separately  collected  on  a  Buchner  funnel  (Note  7).  The 
acid,  a  pale  yellow  solid,  is  dried  on  a  clay  plate  in  a  vacuum 
desiccator  over  potassium  hydroxide  pellets,  m.p.  120-125°  (dec.), 
weight  9.4-14.9  g.  (50-80%).  If  the  2-nitrobenzenesulfinic  acid 
is  to  be  used  for  the  hydrogenation  of  the  next  step  high  purity  is 
required,  and  it  is  generally  advisable  to  reprecipitate  the  acid 
once  more  in  the  same  way  (Note  8). 

B.  Sodium  2-aminobenzenesulfinate.  2-Nitrobenzenesulfinic 
acid  (3.74  g.,  0.020  mole)  is  suspended  in  10  ml.  of  water,  and 
sufficient  IN  NaOH  (about  20  ml.)  is  added  to  the  well-stirred 
mixture  to  dissolve  the  acid  and  bring  the  pH  to  9.  Palladium 
oxide  (0. 2-1.0  g.,  Note  9)  is  suspended  in  20  ml.  of  water  in  a 
200-ml.  glass  hydrogenation  bottle.  The  bottle  is  attached  to  a 
hydrogenation  apparatus  such  as  that  of  Adams  and  Voorhees,2 
and  the  suspension  is  shaken  with  hydrogen  under  a  pressure  of 

1- 3  atm.  until  the  palladium  oxide  is  reduced.  The  solution  of 

2- nitrobenzenesulfinic  acid  is  added,  and  the  mixture  is  shaken 
under  a  hydrogen  pressure  of  1-3  atm.  The  solution  becomes 
completely  decolorized  in  2-6  hours,  during  which  time  about 
95%  of  the  calculated  amount  of  hydrogen  is  absorbed.  The 
catalyst  is  separated  by  filtration  and  washed  with  two  20-ml. 
portions  of  water,  which  are  added  to  the  filtrate.  The  filtrate, 
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which  may  have  a  yellowish  color,  is  evaporated  to  dryness 
under  reduced  pressure  (bath  temperature  45°).  The  residue, 
a  white  or  light  yellow  solid,  is  sodium  2-aminobenzenesulfinate. 
After  being  dried  in  a  desiccator  over  calcium  chloride,  it  weighs 
3.05-3.20  g.  (85-89%). 

C.  1 ,2 ,3-Benzothiadiazole  1 ,1-dioxide.  Caution!  1 ,2,3-Benzo- 
thiadiazole  1,1 -dioxide  in  the  solid  state  can  explode  spontaneously, 
particularly  on  being  warmed,  jolted,  or  scratched.  For  most  pur¬ 
poses  it  need  not  be  isolated,  but  can  be  used  in  solutions,  which 
are  relatively  safe.  Any  operations  involving  the  solid  material 
should  be  done  very  carefully,  using  good  shielding. 

A  solution  of  1.43  g.  (0.0080  mole)  of  sodium  2-aminobenzene- 
sulfinate  in  the  least  possible  amount  of  water  is  combined  with 
a  solution  of  0.55  g.  (0.0080  mole)  of  sodium  nitrite  in  the  least 
amount  of  water.  A  mixture  of  16  ml.  of  2 N  sulfuric  acid  and  22 
ml.  of  glycerol  is  placed  in  a  250-ml.  three-necked  flask  equipped 
with  a  dropping  funnel,  a  low-temperature  thermometer,  and 
a  stirrer,  and  the  flask  is  immersed  in  a  bath  of  acetone  and  dry 
ice.  The  stirred  mixture  is  cooled  to  —15°,  and  the  solution  of 
sodium  2-aminobenzenesulfinate  and  sodium  nitrite  is  added 
dropwise  over  a  period  of  about  5  minutes;  the  cooling  and  rate 
of  addition  are  such  as  to  maintain  the  temperature  at  — 15°  ± 
3°.  The  mixture  is  stirred  for  an  additional  2  hours  at  this 
temperature,  and  30  ml.  of  ether  is  added.  The  product  is 
stirred  vigorously  for  a  few  minutes  and  then  allowed  to  warm 
to  —6°  with  gentle  stirring.  The  ether  layer  is  decanted  or 
transferred  by  means  of  a  chilled  pipet  into  a  vessel  cooled  in  a 
dry  ice  bath,  and  the  reaction  mixture  is  again  cooled  to  —15°. 
In  this  way  the  reaction  mixture  is  extracted  with  five  20-ml. 
portions  of  ether.  After  the  last  extraction  the  aqueous  layer  is 
frozen  solid  and  the  ether  layer  is  poured  off.  The  combined 
extracts  are  dried  at  —20°,  first  over  calcium  chloride  and  then 
over  phosphorus  pentoxide;  a  cold  room  at  —20°  is  particularly 
convenient  for  this  operation.  The  solution  is  transferred  to  a 
tared  distillation  flask  immersed  in  an  ice  bath  (Note  10),  and 
the  ether  is  removed  by  evaporation  under  reduced  pressure. 
The  flask  is  weighed  rapidly  and  dried  in  a  desiccator  over 
phosphorus  pentoxide  at  —20°  {Caution!  Notes  11,  12).  The 
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residue  is  1,2,3-benzothiadiazole  1,1-dioxide  in  the  form  of 
yellow-brown  needles;  weight  0.77-1.04  g.  (57-77%).  It  ex¬ 
plodes  between  45°  and  60°  (Note  13). 

2.  Notes 

1.  This  is  essentially  the  method  of  J.  Lange.3 

2.  Technical  material  of  Badische  Anilin  &  Soda-Fabrik  is 
satisfactory. 

3.  To  detect  nitrous  acid,  a  drop  of  the  mixture  is  diluted  with 
water  and  tested  with  starch  iodide  paper. 

4.  It  is  convenient  to  condense  sulfur  dioxide  from  a  cylinder 
in  a  calibrated  trap  cooled  in  a  dry  ice  bath. 

5.  After  the  procedure  had  been  checked,  the  submitters 
recommended  the  following  time-saving  modification.  The 
methylene  chloride-ether  solution  of  the  sulfinic  acid  is  extracted 
with  one  80-ml.  portion  and  two  35-ml.  portions  of  2 N  sodium 
hydroxide  solution.  The  extracts  are  combined  and  the  sulfinic 
acid  is  precipitated  with  5-ml.  portions  of  6 N  hydrochloric  acid 
as  described  in  the  text. 

6.  An  excess  of  ammonia  leads  to  products  that  are  contami¬ 
nated  with  ammonium  chloride. 

7.  In  this  way  one  avoids  an  excess  of  hydrochloric  acid  which, 
if  it  adheres  to  the  product,  causes  its  gradual  decomposition. 

8.  The  checkers  dissolved  the  crude  acid  in  the  minimum 
amount  of  2 N  sodium  hydroxide  (about  3  ml./g.)  and  repre¬ 
cipitated  it  in  5  portions  with  2 N  hydrochloric  acid;  recovery 
75-85%.  Alternatively,  they  added  the  acid  to  boiling  ethyl 
acetate  (9  ml./g.),  added  decolorizing  carbon  to  the  solution, 
boiled  the  mixture  for  5  minutes,  separated  the  carbon  by  filtra¬ 
tion,  and  cooled  the  hot  filtrate;  recovery  45-55%.  The  checkers 
found  no  difference  in  the  infrared  spectra  of  material  purified  in 
the  two  ways,  but  recrystallized  material  was  reduced  more 
quickly  by  hydrogen. 

9.  The  submitters  used  0.2  g.  of  palladium  oxide  prepared  by 
the  method  of  Shriner  and  Adams  4  and  required  2  hours  for 
complete  hydrogenation  under  a  hydrogen  pressure  of  1  atm. 
The  checkers  used  1.0  g.  of  palladium  oxide  (75.7%)  from 
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Engelhard  Industries,  113  Astor  Street,  Newark,  New  Jersey, 
and  required  4  hours  for  complete  hydrogenation  under  a  hydro¬ 
gen  pressure  of  2-3  atm.  Conditions  should  be  chosen  to  give 
complete  hydrogenation  within  6  hours  or  colored  by-products 
may  be  formed. 

10.  Not  quite  half  of  the  flask  should  dip  into  the  ice  water  or 
the  layer  of  ice  forming  on  the  flask  may  be  hard  to  remove. 

11.  1,2,3-Benzothiadiazole  1,1-dioxide  slowly  decomposes  even 
at  0°;  hence  it  should  always  be  used  on  the  day  on  which  it  is 
made.  For  most  purposes  it  is  not  necessary  to  isolate  the 
dioxide;  the  ether  solution  can  be  used,  or  solutions  in  other 
solvents  can  be  prepared  by  adding  the  other  solvent  and 
distilling  off  the  ether  under  reduced  pressure  (bath  temperature 
0°).  In  this  way  larger  amounts  of  the  dioxide  than  are  de¬ 
scribed  in  this  procedure  can  be  handled  without  danger. 

12.  1,2,3-Benzothiadiazole  1,1-dioxide  can  be  conveniently 
assayed  and  characterized  without  isolation  by  forming  its 
adduct  with  cyclopentadiene.5  The  following  procedure  illus¬ 
trates  characterization;  for  assay  the  same  procedure  can  be 
applied  to  an  aliquot,  with  all  amounts  scaled  down  in  proportion. 
The  dried  ether  extract  of  1,2,3-benzothiadiazole  1,1-dioxide 
prepared  from  1.43  g.  (0.0080  mole)  of  sodium  2-aminobenzene- 
sulfinate  is  concentrated  to  about  20  ml.  at  0°,  and  20  ml.  of 
acetonitrile  at  —20°  is  added.  Twenty  milliliters  of  cold,  freshly 
prepared  cyclopentadiene  6  is  added.  The  mixture  is  kept  over¬ 
night  at  —10°  to  0°.  Solvent  and  excess  cyclopentadiene  are 
removed  by  evaporation  at  0°  under  reduced  pressure  to  leave 
1.20-1.28  g.  (64-68%  based  on  sodium  2-aminobenzenesulfinate) 
of  crude  1:1  adduct,  m.p.  87°  (dec.).  For  purification  it  is 
dissolved  in  20  ml.  of  methylene  chloride,  70  ml.  of  ether  is  added, 
and  the  solution  is  kept  at  —70°.  Adduct  decomposing  at  90° 
crystallizes;  recovery  is  about  75%.  From  pure,  crystalline 
1,  2,  3-benzothiadiazole  1,1-dioxide  the  yield  of  adduct  is  92-98%. 

13.  Purer  product  can  be  obtained  by  reducing  1,2,3-benzo¬ 
thiadiazole  1,1-dioxide  with  zinc  and  acetic  acid  to  1,2,3-benzo- 
thiadiazoline  1,1-dioxide,  which  is  oxidized  back  with  lead 
tetraacetate.5 
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3.  Methods  of  Preparation 


1,2,3-Benzothiadiazole  1,1-dioxide  has  been  prepared  only  by 
the  present  method.5 


4.  Merits  of  the  Preparation 


1,2,3-Benzothiadiazole  1,1-dioxide  decomposes  smoothly  in 
solution  at  10°  to  give  dehydrobenzene  (“benzyne”),  nitrogen, 
and  sulfur  dioxide.5’ 7  In  this  way,  as  well  as  by  the  thermal 


decomposition  of  benzenediazonium-2-carboxylate,8,  9  it  is  pos¬ 
sible  to  obtain  dehydrobenzene  in  the  absence  of  organometallic 
or  strongly  alkaline  reagents;  for  this  reason  the  choice  of  the 
reaction  partner  for  dehydrobenzene  is  hardly  limited  at  all. 
Compared  to  dry  benzenediazonium-2-carboxylate,  1,2,3-benzo- 
thiadiazole  1,1-dioxide  possesses  the  following  advantages  as  a 
source  of  dehydrobenzene:  the  explosive  compound  does  not  need 
to  be  isolated  and  the  decomposition  temperature  is  lower. 
Solvent-wet  benzenediazonium-2-carboxylate,  being  insoluble  in 
most  organic  media,  is  less  generally  useful  than  1,2,3-benzo- 
thiadiazole  1,1-dioxide  but  is  more  convenient  to  prepare.9 
Because  of  their  special  reaction  conditions,  other  methods  of 
obtaining  dehydrobenzene  without  using  an  organometallic 
compound  10  are  not  so  generally  applicable.  Earlier  volumes  of 
Organic  Syntheses  illustrate  the  preparation  of  dehydrobenzene 
by  the  action  of  magnesium  on  o-fluorobromobenzene  11  and  a 
type  of  ring  closure  in  which  a  dehydrobenzene  is  an  intermedi¬ 
ate.12  Methods  of  generating  dehydrobenzenes  and  the  reactions 
of  these  reactive  substances  were  recently  reviewed.13 

1.  Institut  fiir  Organische  Chemie,  Universitat  Heidelberg,  Heidelberg,  Germany. 

2.  R.  Adams  and  V.  Voorhees,  Org.  Syntheses,  Coll.  Vol.  1,  61  (1941). 
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der  Organischen  Chemie,  9,  323  (1955),  Georg  Thieme  Verlag,  Stuttgart, 


Germany. 


10 


ORGANIC  SYNTHESES,  VOL.  47 


4.  R.  L.  Shriner  and  R.  Adams,  /.  Am.  Chem.  Soc.,  46,  1683  (1924);  D.  Starr  and 
R.  M.  Hixon,  Org.  Syntheses,  Coll.  Vol.  2,  566  (1943).' 

5.  G.  Wittig  and  R.  W.  Hoffmann,  Ber.,  95,  2718  (1962). 

6.  M.  Korach,  D.  R.  Nielsen,  and  W.  H.  Rideout,  Org.  Syntheses,  42,  50  (1962); 
R.  B.  Moffett,  Org.  Syntheses,  Coll.  Vol.  4,  238  (1963);  G.  Wilkinson,  Org. 
Syntheses,  Coll.  Vol.  4,  473  (1963). 

7.  G.  Wittig  and  R.  W.  Hoffmann,  Ber.,  95,  2729  (1962). 

8.  M.  Stiles  and  R.  G.  Miller,  J.  Am.  Chem.  Soc.,  82,  3802  (1960);  R.  S.  Berry, 
G.  N.  Spokes,  and  M.  Stiles,  /.  Am.  Chem.  Soc.,  84,  3570  (1962). 

9.  L.  Friedman  and  F.  M.  Logullo,  J.  Am.  Chem.  Soc.,  85,  1549  (1963). 

10.  G.  Kobrich,  Ber.,  92,  2985  (1959);  H.  E.  Simmons,  J.  Org.  Chem.,  25,  691  (1960); 
G.  Wittig  and  H.  F.  Ebel,  Ann.,  650,  20  (1961). 

11.  G.  Wittig,  Org.  Syntheses,  Coll.  Vol.  4,  964  (1963). 

12.  J.  F.  Bunnett,  B.  F.  Hrutfiord,  and  S.  M.  Williamson,  Org.  Syntheses,  40, 
1  (1960). 

13.  G.  Wittig,  Angew.  Chem.  Intern.  Ed.  Engl.,  4,  731  (1965). 


exo-cis-BICYCLO[3.3.0]OCTANE-2-CARBOXYLIC  ACID 
(1-Pentalenecarboxylic  acid,  octahydro-) 


CHCI3 


CC13 


Submitted  by  R.  Dowbenko  1 

Checked  by  E.  J.  Corey  and  B.  W.  Erickson 


1.  Procedure 

A.  2-(Trichloromethyl)bicyclo[3 .3 .0]octane.  To  a  5-1.  three¬ 
necked  flask  equipped  with  a  mechanical  stirrer,  a  reflux  con¬ 
denser,  and  a  thermometer  are  added  325  g.  (3.0  moles)  of 
cis ,cw-l ,5-cyclooctadiene  (Note  1),  3  1.  of  chloroform  (Note  2), 
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and  14.6  g.  (0.06  mole)  of  benzoyl  peroxide.  The  resulting 
solution  is  stirred  and  refluxed  (63-65°)  on  the  steam  bath  (Note 
3)  for  a  total  of  5  days.  Four  7.3  g.-(0.03  mole-)portions  of 
benzoyl  peroxide  are  added,  one  on  each  consecutive  day  of 
reaction  (Note  4).  After  a  total  of  5  days  at  reflux,  the  reaction 
mixture  is  cooled  and  washed  with  three  250-ml.  portions  of 
aqueous  sodium  bicarbonate  (Note  5)  and  with  250  ml.  of  water, 
all  the  washes  being  discarded.  The  chloroform  solution  is  dried 
with  30  g.  of  magnesium  sulfate  and  filtered.  The  filtrate  is 
distilled  at  atmospheric  pressure  using  a  short  (8-in.)  Vigreux 
column  to  collect  2760-2790  ml.  of  chloroform,  b.p.  55-64°,  which 
is  discarded.  The  pressure  is  reduced  and  distillation  continued 
to  obtain  two  fractions:  (1)  b.p.  31°  (47  mm.)  to  65°  (0.2  mm.), 
300  g.;  (2)  b.p.  65-153°  (0.2  mm.),  169  g.  (Note  6).  Fraction  2  is 
refractionated  with  the  same  Vigreux  column  to  obtain  106-117 
g.  (approximately  35%  based  on  unrecovered  m,cw-l,5-cyclo- 
octadiene)  of  2-(trichloromethyl)bicyclo[3.3.0]octane,  b.p.  1 16— 
125°  (5  mm.),  n25 d  1.5110-1.5115  (Note  7).  The  product  is 
pure  (by  gas  chromatography)  (Note  8)  and  may  be  used  in  the 
next  step. 

B.  exo-cis-Bicyclo[3 .3 .0\octane-2-carboxylic  acid.  A  mixture  of 
100  g.  (0.440  mole)  of  2-(trichloromethyl)bicyclo[3.3.0]octane 
and  500  ml.  of  85%  phosphoric  acid  is  put  into  a  1-1.  three-necked 
flask  equipped  with  a  mechanical  stirrer,  a  reflux  condenser,  and 
a  thermometer.  The  mixture  is  stirred  and  heated  at  150  for 
16  hours,  during  which  time  it  evolves  hydrogen  chloride  and 
darkens.  The  product  is  then  allowed  to  cool  and  is  poured  into 
a  separatory  funnel.  One  liter  of  water  is  added  and  the  resulting 
mixture  is  extracted  with  four  250-ml.  portions  of  ether.  The 
combined  ether  extract  is  then  extracted  with  four  250-ml. 
portions  of  2%  aqueous  sodium  hydroxide  (Note  9),  and  the 
resulting  alkaline  extract  is  washed  with  100  ml.  of  ether  to  re¬ 
move  any  neutral  material  (Note  10).  The  alkaline  extract  is 
acidified  (to  pH  2-3)  with  concentrated  hydrochloric  acid,  and 
the  oil  which  precipitates  is  extracted  with  three  250-ml.  portions 
of  ether.  The  resulting  ether  extract  is  dried  with  15  g.  of 
magnesium  sulfate,  filtered,  and  evaporated  at  50°  (30  mm.). 
The  residue  is  then  distilled  at  reduced  pressure  to  obtain  29-32  g. 
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(43-47%)  of  exo-cis-b\cyc\o [3.3 ,0]octane-2-carboxylic  acid,  b.p. 
91-96°  (0.15  mm.),  «25d  1.4839-1.4847  (Note  11). 


2.  Notes 

1.  The  compound  was  obtained  from  Cities  Service  Research 
and  Development  Co.,  Petrochemical  Development  Department, 
Sixty  Wall  Tower,  New  York  5,  New  York.  Analysis  by  gas 
chromatography  showed  it  to  be  pure,  and  it  was  used  without 
further  purification. 

2.  Either  technical  or  pure  grade  chloroform  may  be  used. 

3.  It  may  also  be  refluxed  with  boiling  chips  without  stirring. 
A  heating  mantle  may  be  used  in  place  of  a  steam  bath. 

4.  The  portions  of  peroxide  may  be  added  as  such  or,  more 
conveniently  and  safely,  as  solutions  in  25  ml.  of  chloroform  over 
a  period  of  10-15  minutes. 

5.  It  is  important  that  all  benzoic  acid  be  removed  by  washing 
at  this  point  because  otherwise  it  will  codistil  with  the  product 
and  will  be  difficult  to  separate  by  distillation. 

6.  Fraction  1  is  discarded.  If  desired,  it  may  be  redistilled  at 
atmospheric  pressure  to  obtain,  in  addition  to  chloroform,  182  g. 
(1.68  moles)  of  m,cw-l,5-cyclooctadiene,  b.p.  145-157°. 

7.  The  higher-boiling  fraction,  b.p.  129°  (5  mm.)  to  138° 
(0.2  mm.),  amounts  to  35-50  g.  and  contains  at  least  four 
compounds. 

8.  A  2-ft.  column  of  20%  UCON  Polar  50  HB  5100  on 
Chromosorb  W,  130°,  retention  time  5j  minutes. 

9.  Because  of  the  high  acidity  of  the  ether  extract  it  is  more 
convenient  to  use  sodium  hydroxide  than  sodium  bicarbonate. 

10.  This  ether  wash  may  be  combined  with  the  main  neutral 
fraction  and  distilled  to  obtain  29-30  g.  (33-34%)  of  2-(dichloro- 
methylene)bicyclo[3.3.0]octane,  b.p.  53-56°  (0.1  mm.),  w25d 
1.5179-1.5182  (pure  by  gas  chromatography)  (column  as  in 
Note  8,  125°,  retention  time  4  minutes). 

11.  Analysis  by  gas  chromatography  shows  the  acid  to  be 
pure  (column  as  in  Note  8),  retention  time  4|  minutes  at  175°. 


exo-cis-TS ICYCLO[3.3.0]OCTANE-2-CARB OX YLI C  ACID 
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3.  Methods  of  Preparation 

ex0-cfs-Bicyclo[3.3.O]octane-2-carboxylic  acid  has  been  pre¬ 
pared  from  «'s-bicyclo[3.3.0]-2-octanone  cyanohydrin,2  by  Beck¬ 
mann  rearrangement  of  tetrahydro-exo-dicyclopentadiene-9-one 
oxime,3  and  by  the  present  method.4 

4.  Merits  of  the  Preparation 

This  two-step  procedure  appears  to  be  by  far  the  most  con¬ 
venient  one  for  preparing  cxo-m-bicyclo[3.3.0]octane-2-car- 
boxylic  acid  from  the  readily  available  starting  materials.  The 
first  step  of  the  procedure  is  also  illustrative  of  the  method  of 
obtaining  2-substituted  bicyclo[3.3.0]octanes  4’ 5  from  cis,cis- 1,5- 
cyclooctadiene. 

1.  Pittsburgh  Plate  Glass  Co.,  Coatings  and  Resins  Division,  Springdale,  Pa. 

2.  A.  C.  Cope  and  M.  Brown,  J.  Am.  Chem.  Soc.,  80,  2859  (1958);  R.  Granger, 
P.  Nau,  and  J.  Nau,  Trav.  Soc.  Pharm.  Montpellier,  18,  142  (1958)  [C.A.,  53, 
1699  (1959)]. 

3.  T.  H.  Webb,  Jr.,  Dissertation,  Duke  University,  1962. 

4.  R.  Dowbenko,  J.  Am.  Chem.  Soc.,  86,  946  (1964);  Tetrahedron,  20,  1843  (1964). 

5.  L.  Friedman,  J.  Am.  Chem.  Soc.,  86,  1885  (1964). 
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BIS(1,3-DIPHENYLIMID  AZOLID  INYLIDENE-2) 
[A2’2'-Bis(l,3-diphenylimidazolidine)] 


h2c' 
!  I 
H2(L 


c6h5 

,NH 

'NH 

I 

C6H5 


2CH(OC2H5)3 


-6C2H5OH 


c6H5  c6h5 


h2c%  \  /  ^ch2 

I  c=c  I 

H2C%  /  \  /CH2 

N  N 

I  I 

C6H5  C6H5 


Submitted  by  H.-W.  Wanzlick  1 

Checked  by  D.  J.  LaFollette  and  Ronald  Breslow 


1.  Procedure 

In  a  250-ml.  round-bottomed  flask  equipped  with  a  gas-inlet 
tube  and  reflux  condenser  20  g.  (0.094  mole)  of  N,N'-diphenyl- 
ethylenediamine  (1,2-dianilinoethane)  (Note  1)  and  100  ml.  of 
purified  triethyl  orthoformate  (Note  2)  are  heated  by  an  oil  bath 
under  nitrogen  (Note  3)  for  5  hours.  The  oil  bath  is  maintained 
between  190°  and  200°,  and  water  is  allowed  to  stand  in  the 
condenser.  The  water  in  the  condenser  begins  to  boil  slowly, 
and  the  alcohol  which  is  produced  is  allowed  to  escape  (Note  4). 
The  reaction  product  which  crystallizes  during  the  reaction  is 
filtered  after  cooling  and  washed  with  ether.  There  is  obtained 
19-20  g.  (91-95%)  of  product,  m.p.  285°  (dec.)  (Note  5). 

2.  Notes 

1.  1,2-Dianilinoethane,  containing  water  of  crystallization,  is 
best  dried  by  melting  under  vacuum. 


BIS(l,3-DIPHENYLIMIDAZOLIDINYLIDENE-2) 
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2.  Commercial  material,  distilled. 

3.  The  nitrogen  is  dried  by  passing  it  through  concentrated 
sulfuric  acid.  It  must  be  nearly  oxygen-free;  otherwise  1,3-di- 
phenylimidazolidinone-2  is  formed,  and  its  removal  by  recrystal¬ 
lization  results  in  a  decreased  yield. 

4.  An  air  condenser  may  also  be  employed. 

5.  The  melting  range  depends  on  the  rate  of  decomposition 
during  heating.  The  checkers  observed  that  in  an  evacuated 
capillary  there  is  darkening  from  270°  to  290°,  and  fairly  sharp 
melting  at  299-300°.  The  product  is  autoxidizable  and  is  best 
stored  under  dry  nitrogen.  Preparations  which  have  oxidized  on 
standing  may  be  purified  by  digesting  and  washing  with  methyl¬ 
ene  chloride. 


3.  Methods  of  Preparation 

This  amino  olefin  was  first  prepared  by  thermal  elimination  of 
chloroform  from  l,3-diphenyl-2-trichlormethylimidazolidine,2  and 
later  by  the  procedure  described  here.3, 4  It  can  also  be  made  by 
treatment  of  1,3-diphenylimidazolinium  salts  with  strong  bases.5-  6 


4.  Merits  of  the  Preparation 

The  procedure  described  is  the  simplest  one  known.  All  other 
methods  also  employ  1,2-dianilinoethane  as  starting  material. 
This  method,  however,  converts  it  directly  into  the  amino 
olefin  in  one  step. 

The  preparative  value  of  this  compound  lies  in  the  surprising 
fact  that  bis(l,3-diphenylimidazolidinylidene-2)  behaves  in  many 
reactions  (e.g.,  with  aromatic  aldehydes,2- 7  and  with  carbon 
acids  2- 7-9)  as  if  it  dissociated  to  form  a  "nucleophilic  carbene.” 
The  hydrolytic  cleavage  of  these  derived  imidazolidine  deriva¬ 
tives  makes  possible  the  preparation  of  formyl  compounds,  so 
that  the  amino  olefin  can  be  considered  as  a  potential  carbonyla- 
tion  reagent.  In  many  reactions  it  is  not  necessary  to  isolate 
the  reagent,  as  it  may  be  produced  in  situ.10  It  should  be  pointed 
out,  however,  that  the  reaction  of  the  amino  olefin  with  aldehydes 
and  carbon  acids  does  not  actually  involve  prior  dissociation  to 
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the  carbene,  but  it  is  convenient,  from  a  preparative  point  of 
view,  to  describe  it  in  these  terms.6 

1.  Organisch-Chemische  Institut,  Technische  Universitat  Berlin,  Berlin, 
Germany. 

2.  H.  W.  Wanzlick  and  E.  Schikora,  Ber.,  94,  2389  (1961). 

3.  H.  W.  Wanzlick  and  H.  J.  Kleiner,  Angew.  Chem.,  73,  493  (1961). 

4.  H.  W.  Wanzlick,  F.  Esser,  and  H.  J.  Kleiner,  Ber.,  96,  1208  (1963). 

5.  D.  M.  Lemal  and  K.  I.  Kawano,  J .  Am.  Chem.  Soc.,  84,  1761  (1962). 

6.  D.  M.  Lemal,  R.  A.  Lovald,  and  K.  I.  Kawano,  J.  Am.  Chem.  Soc.,  86,  2518 
(1964). 

7.  H.  W.  Wanzlick,  Angew.  Chem.  Intern.  Ed.  Engl.,  1,  75  (1962). 

8.  H.  W.  Wanzlick,  and  H.  J.  Kleiner,  Ber.,  96,  3024  (1963). 

9.  H.  W.  Wanzlick  and  H.  Ahrens,  Ber.,  97,  2447  (1964). 

10.  H.  W.  Wanzlick,  B.  Lachmann,  and  E.  Schikora,  Ber.,  98,  3170  (1965). 


frans-4- 6d3UTYLCYCLOHEXANOL 
(Cyclohexanol,  4-^-butyl,  trans-) 


(CH3)3C 


1.  LiAlH4,  A1C13 

2.  (CH3)3COH  ' 


(CH3)3C 


OAICI2 


cis  complex 


+ 


2.  H20,  H2S04 


trans  complex 


Submitted  by  E.  L.  Eliel,  R.  J.  L.  Martin,  and  D.  Nasipuri  1 
Checked  by  E.  J.  Corey  and  Barbara  Kaski 


1.  Procedure 

In  a  3-1.  three-necked  flask,  equipped  with  a  mercury-sealed 
Hershberg  stirrer,  a  dropping  funnel,  and  a  reflux  condenser 
protected  with  a  calcium  chloride  tube,  is  placed  67  g.  (0.5  mole) 
of  powdered  anhydrous  aluminum  chloride.  The  flask  is  cooled 
in  an  ice  bath,  500  ml.  of  dry  ether  is  slowly  added  from  the 


/raws-4-i-BUTYLCYCL0HEXAN0L 
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dropping  funnel,  and  the  mixture  is  stirred  for  a  few  minutes. 
Meanwhile  5.5  g.  of  powdered  lithium  aluminum  hydride  (Note  1) 
is  placed  in  a  1-1.  flask  fitted  with  a  condenser,  and  140  ml.  of 
dry  ether  is  added  slowly  from  the  top  of  the  condenser  with 
caution  while  the  flask  is  kept  cooled  in  ice.  The  mixture  is 
gently  refluxed  for  30  minutes  to  effect,  as  far  as  possible,  solution 
of  the  hydride.  It  is  then  cooled,  and  the  resulting  slurry  (which 
consists  of  a  suspension  of  lithium  aluminum  hydride  in  its 
solution)  is  transferred  to  the  dropping  funnel  of  the  previous 
setup  and  is  added  to  the  ethereal  solution  of  aluminum  chloride 
with  stirring  within  10  minutes.  After  the  addition  is  complete, 
the  reaction  mixture  is  stirred  for  an  additional  30  minutes  with¬ 
out  cooling  to  complete  the  formation  of  the  “mixed  hydride.” 

A  solution  of  77.2  g.  (0.5  mole)  of  4-/-butylcyclohexanone 
(Note  2)  in  500  ml.  of  dry  ether  is  then  placed  in  the  dropping 
funnel  and  slowly  added  to  the  “mixed  hydride”  solution  without 
much  cooling  so  that  gentle  refluxing  is  maintained  (Note  3). 
After  addition  of  the  ketone  over  a  period  of  45-60  minutes  the 
reaction  mixture  is  refluxed  for  2  hours  more  to  complete  the 
reduction.  The  excess  hydride  is  destroyed  by  the  addition  of 
10  ml.  of  dry  /-butanol,  and  the  mixture  is  refluxed  for  an  addi¬ 
tional  30  minutes.  4-/-Butylcyclohexanone  (3  g.)  in  20  ml.  of 
dry  ether  is  then  added  to  the  reaction  mixture,  which  is  refluxed 
for  4  hours  more  and  allowed  to  stand  overnight  (Notes  4,  5). 
The  reaction  mixture  is  cooled  in  an  ice  bath  and  decomposed 
by  successive  additions  of  100  ml.  of  water  and  250  ml.  of  10% 
aqueous  sulfuric  acid.  The  ethereal  layer  is  separated  and  the 
aqueous  layer  extracted  once  with  150  ml.  of  ether.  The  com¬ 
bined  ether  extracts  are  washed  once  with  water  and  dried  over 
anhydrous  magnesium  sulfate.  The  extract  is  filtered  from 
magnesium  sulfate  and  the  ether  removed  by  distillation  on  a 
steam  bath.  The  residue,  weighing  85-87  g.,  solidifies  in  the 
flask  and  on  gas  chromatographic  analysis  (see  Note  5)  is  found 
to  contain  96%  trans  alcohol,  0.8%  cis  alcohol,  and  3.2%  ketone. 

The  crude  white  product  is  dissolved  in  150  ml.  of  hot  petro¬ 
leum  ether  (b.p.  60-70°).  On  cooling,  it  forms  a  solid  cake  which 
is  transferred  to  a  Buchner  funnel  and  rinsed  with  small  portions 
of  cooled  petroleum  ether.  The  yield  of  product,  m.p.  75-78° 
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(Note  6),  is  57-61  g.  (73-78%).  It  has  an  approximate  composi¬ 
tion  of  99.3%  trans  alcohol,  0.3%  cis  alcohol,  and  0.4%  ketone. 
A  further  crop  of  12  g.  is  obtained  by  concentration  of  the 
mother  liquor.  It  contains  less  than  1%  of  the  cis  alcohol  and 
the  ketone  and  is  sufficiently  pure  for  most  preparative  purposes 
(Note  7). 


2.  Notes 

1.  The  lithium  aluminum  hydride  was  obtained  from  Metal 
Hydrides  Incorporated  and  was  more  than  95%  pure.  For 
calculation  of  the  quantity  of  hydride  required  it  was  assumed 
that  the  purity  was  95%. 

2.  4-f-Butylcyclohexanone  was  supplied  by  the  Dow  Chemical 
Company. 

3.  The  continuance  of  gentle  refluxing  as  the  last  portion  of 
the  ketone  is  added  assures  that  there  is  an  excess  of  “mixed 
hydride”  present. 

4.  It  is  not  necessary  to  allow  the  reaction  mixture  to  stand 
overnight,  and  it  may  be  decomposed  at  this  stage  without  any 
loss  in  purity. 

5.  At  this  stage  the  attainment  of  equilibrium  can  be  checked 
by  removing  a  5-ml.  aliquot  from  the  reaction  product  and 
working  it  up  in  the  same  way  as  described  in  the  preparation. 
The  product  is  then  analyzed  by  gas-liquid  chromatography 
using  a  20%  Carbowax  20M  on  firebrick  column  at  150°.  The 
features  to  note  in  the  chromatogram  are  almost  complete 
absence  (less  than  1%)  of  the  cis  isomer  (second  peak,  disregard¬ 
ing  initial  solvent  and  Cbutanol  peaks)  and  the  presence  of 
some  4-/-butylcyclohexanone  (first  peak).  The  trans  isomer 
constitutes  the  third  peak  with  longest  retention  time. 

6.  The  melting  point  of  a  highly  purified  sample  2  of  trans 
alcohol  is  82.5-83°. 

7.  Since  the  alcohol  has  a  relatively  high  solubility  in  petro¬ 
leum  ether,  the  yield  from  the  crystallization  depends  on  the 
volume  of  solvent  used.  However,  by  concentrating  the  mother 
liquor  the  overall  yield  from  the  first  and  second  crops  of  crystals 
varies  from  74%  to  94%. 


fm«s-4-f-BUTYLCYCL0HEXAN0L 
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3.  Methods  of  Preparation 

4-/-Butylcyclohexanol  has  been  prepared  from  ^-/-butylphenol 
by  reduction  under  a  variety  of  conditions.3' 4  Winstein  and 
Holness  5  prepared  the  pure  trans  alcohol  from  the  commercial 
alcohol  by  repeated  crystallization  of  the  acid  phthalate  followed 
by  saponification  of  the  pure  trans  ester.  Eliel  and  Ro  6  obtained 
4-/-butylcyclohexanol  containing  91%  of  the  trans  isomer  by 
lithium  aluminum  hydride  reduction  of  the  ketone.  Huckel  and 
Kurz  7  reduced  ^-/-butylphenol  with  platinum  oxide  in  acetic 
acid  and  then  separated  the  isomers  by  column  chromatography. 

4.  Merits  of  the  Preparation 

The  procedure  employs  a  readily  available  starting  material 
and  produces  the  pure  trans  isomer  in  high  yield.  The  method 
described  is  an  improvement  on  that  used  by  Eliel  and  Rerick  2 
in  that  it  is  not  necessary  to  use  a  clear  solution  of  lithium 
aluminum  hydride  in  ether  for  the  preparation  of  the  “mixed 
hydride.”  It  is  not  necessary  to  know  the  precise  amount  of 
lithium  aluminum  hydride  used  so  long  as  a  slight  excess  is 
present.  The  excess  hydride  is  destroyed  by  adding  /-butanol; 
the  excess  /-butanol  has  no  effect  on  the  subsequent  equilibration 
and  purification.  The  equilibration  of  the  4-/-butylcyclohexanol 
is  effected  by  adding  a  small  amount  of  4-/-butylcyclohexanone. 

The  method  is  useful  in  the  preparation  of  other  equatorial 
alcohols.2, 8 

1.  Department  of  Chemistry,  University  of  Notre  Dame,  Notre  Dame,  Indiana. 

2.  E.  L.  Eliel  and  M.  N.  Rerick,  J.  Am.  Chem.  Soc.,  82,  1367  (1960). 

3.  G.  Vavon  and  M.  Barbier,  Bull.  Soc.  Chim.  France,  [4]  49,  567  (1931). 

4.  H.  Pines  and  V.  Ipatieff,  J.  Am.  Chem.  Soc.,  61,  2728  (1939). 

5.  S.  Winstein  and  N.  J.  Holness,  J.  Am.  Chem.  Soc.,  77,  5562  (1955). 

6.  E.  L.  Eliel  and  R.  S.  Ro,  J.  Am.  Chem.  Soc.,  79,  5992  (1957). 

7.  W.  Hiickel  and  J.  Kurz,  Ann.,  645,  194  (1961). 

8.  E.  L.  Eliel,  Record  Chem.  Progr.  ( Kresge-Hooker  Sci.  Lib.),  22,  129  (1961). 
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2-CARBETHOXYCYCLOOCTANONE 
(2-Oxocyclooctanecarboxylic  acid,  ethyl  ester) 


o 

II 

+  C2H5OCOC2H5 


Submitted  by  A.  Paul  Krapcho,  Joseph  Diamanti, 

Charles  Cayen,  and  Richard  Bingham  1 
Checked  by  William  G.  Dauben  and  Charles  Dale  Poulter 


1.  Procedure 

A  2-1.  two-necked,  round-bottomed  flask  equipped  with  a 
magnetic  stirrer  (Note  1)  is  fitted  with  a  250-ml.  pressure¬ 
equalizing  constant-rate  dropping  funnel  and  a  condenser,  the 
top  of  which  is  connected  to  a  mercury  trap  to  prevent  the  en¬ 
trance  of  air  during  the  reaction  and  for  the  detection  of  gas 
evolution.  The  dropping  funnel  is  removed,  and  35  g.  (0.85  mole) 
of  sodium  hydride  dispersed  in  mineral  oil  is  added  (Note  2). 
The  mineral  oil  is  removed  by  washing  the  dispersion  four  times 
with  100-ml.  portions  of  benzene  (Note  3).  The  benzene  is 
removed  with  a  pipet  after  the  sodium  hydride  is  allowed  to 
settle  (Note  4). 

After  most  of  the  mineral  oil  has  been  removed,  400  ml.  of 
benzene  is  added  to  the  sodium  hydride,  followed  by  71  g. 
(0.6  mole)  of  diethyl  carbonate  (Note  5).  This  mixture  is  heated 
to  reflux,  and  a  solution  of  38  g.  (0.3  mole)  of  cyclooctanone 
(Note  6)  in  100  ml.  of  benzene  is  added  dropwise  from  the 
dropping  funnel  over  a  period  of  3-4  hours.  After  the  addition 
is  complete,  this  mixture  is  allowed  to  reflux  until  the  evolution 
of  hydrogen  ceases  (15-20  minutes). 

When  the  reaction  mixture  has  cooled  to  room  temperature, 
60  ml.  of  glacial  acetic  acid  is  added  dropwise,  and  a  heavy, 
pasty  solid  separates.  Ice-cold  water  (about  200  ml.)  is  added 
dropwise,  and  the  stirring  is  continued  until  all  the  solid  material 
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has  gone  into  solution  (Note  7).  The  benzene  layer  is  separated, 
and  the  aqueous  layer  is  extracted  three  times  using  100-ml. 
portions  of  benzene.  The  combined  benzene  extracts  are  washed 
three  times  with  100-ml.  portions  of  cold  water.  The  benzene  is 
removed  by  distillation  at  atmospheric  pressure,  and  the  excess 
diethyl  carbonate  is  removed  under  water-pump  pressure  with 
gentle  heating.  The  residual  material  is  transferred  to  a  100-ml. 
distillation  flask,  and  the  fraction  boiling  at  85-87°  (0.1  mm.) 
is  collected.  The  yield  of  2-carbethoxycyclooctanone  is  54-56  g. 
(91-94%),  n25 d  1.4795-1.4800. 

2.  Notes 

1.  The  checkers  found  that  the  agitation  of  the  reaction  mix¬ 
ture  required  later  in  this  reaction  is  better  achieved  by  use  of  a 
sealed  mechanical  stirrer. 

2.  The  sodium  hydride  was  obtained  as  a  58.6%  dispersion  in 
mineral  oil  from  Metal  Hydrides,  Inc.,  Beverly,  Massachusetts. 

3.  The  benzene  (Fisher  certified  reagent,  thiophene  free)  was 
dried  over  potassium  hydroxide  and  distilled  from  sodium  metal. 

4.  By  this  procedure  about  80-85%  of  the  mineral  oil  was 
removed.  Because  some  sodium  hydride  is  lost  in  the  pipetting 
procedure,  an  excess  is  initially  employed. 

5.  The  product  supplied  by  Matheson,  Coleman  and  Bell  was 
used  as  received.  Lower  yields  were  obtained  when  a  molar 
equivalent  of  diethyl  carbonate  was  utilized,  possibly  because  of 
self-condensation  of  the  ketone. 

6.  The  cyclooctanone  was  obtained  from  the  Aldrich  Chemical 
Co.  and  was  utilized  as  received. 

7.  At  this  point  the  aqueous  layer  should  be  acidic,  or  more 
acetic  acid  should  be  added. 

3.  Methods  of  Preparation 

The  reaction  of  cyclooctanone  with  diethyl  oxalate,  followed 
by  decarbonylation  of  the  resulting  glyoxylate,  has  been  reported 
to  yield  32%  of  2-carbethoxycyclooctanone.2  The  reaction  of 
cyclooctanone  with  sodium  amide  in  ether,  followed  by  the 
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addition  of  diethyl  carbonate,  provided  the  product  in  70% 
yield.3  ,, 

The  preparation  of  several  medium-  and  large-sized  2-carbo- 
methoxycycloalkanones  has  been  accomplished  by  treatment  of 
the  cycloalkanone  with  sodium  triphenylmethyl,  followed  by 
carbonation  with  dry  ice,  and  esterification  with  diazomethane.4 
The  yields  are  good  but  the  procedure  is  laborious.  The  syn¬ 
thesis  of  2-carbomethoxycyclooctanone  via  the  Dieckmann 
cyclization  of  dimethyl  azelate  with  sodium  hydride  yields  48% 
of  this  product  when  the  procedure  is  carried  out  over  a  9-day 
period.5 


4.  Merits  of  the  Preparation 

The  reaction  described  is  of  general  synthetic  utility  for  the 
preparation  of  a  variety  of  cyclic  /3-keto  esters  from  the  cor¬ 
responding  ketones.  Using  this  procedure  the  2-carbethoxy- 
cycloalkanones  have  been  prepared  from  cyclononanone,  cyclo- 
decanone,  and  cyclododecanone  in  yields  of  85%,  95%,  and  90%, 
respectively.  The  procedure  is  simpler  and  gives  much  higher 
yields  than  other  synthetic  routes  to  these  systems. 

This  procedure  has  been  patterned  after  the  method  by  which 
the  carbethoxy  group  is  introduced  into  a  few  alicyclic  ketones  6 
and  several  cyclic  ketones.  Cyclohexanone  has  been  reported  to 
yield  50%  of  2-carbethoxycyclohexanone  when  treated  with 
sodium  hydride  and  diethyl  carbonate  using  ether  as  the  solvent.7 
The  preparation  of  2-carbethoxycycloheptanone  using  potassium 
Cbutoxide  and  diethyl  carbonate  in  benzene  has  been  reported 
in  40%  yield.8  Jacob  and  Dev  report  an  80%  yield  of  the  latter 
compound  using  sodium  hydride  as  the  base.9 

1.  Department  of  Chemistry,  University  of  Vermont,  Burlington,  Vermont. 
Supported  by  the  National  Science  Foundation  Undergraduate  Research 
Participation  Grant  during  the  summer  of  1964  and  National  Science  Founda¬ 
tion  Grant  No.  G-19490. 

2.  A.  C.  Cope,  E.  Ciganek,  and  J.  Lazar,  /.  Am.  Chem.  Soc.,  84,  2591  (1962). 

3.  P.  LaFont  and  Y.  Bonnet,  Fr.  Patent  1,281,926  (1962)  [C.A.,  58,  1373  (1963)]. 

4.  V.  Prelog,  L.  Ruzicka,  P.  Barman,  and  L.  Frenkiel,  Helv.  Chim.  Acta,  31,  92 
(1948)  [C.A.,  42,  4180  (1948)]. 

5.  F.  F.  Blicke,  J.  Azuara,  N.  J.  Doorenbos,  and  E.  B.  Hotelling,  J.  Am.  Chem. 
Soc.,  75,  5418  (1953). 
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(Chloromethyl  phenyl  ether) 


OCH3  O— CH2C1 


Submitted  by  Charles  S.  Davis  and  Guy  S.  Lougheed  1 
Checked  by  William  E.  Parham,  Wayland  E.  Noland, 
and  Edward  E.  Paschke 


1.  Procedure 

Caution!  This  preparation  requires  the  use  of  a  good  hood. 

In  a  2-1.  three-necked  flask  fitted  with  an  efficient  reflux 
condenser,  stirrer,  and  pressure-equalizing  dropping  funnel  are 
placed  216  g.  (2.0  moles)  of  anisole  (Note  1)  and  400  ml.  of 
methylene  chloride  (Note  2).  The  reflux  condenser  is  attached 
to  a  drying  tower.  The  solution  is  brought  to  reflux  temperature 
with  a  heating  mantle,  and  167  ml.  (278  g.,  2.06  moles)  of  sul- 
furyl  chloride  (Note  3)  is  added  dropwise  over  a  3-hour  period. 
When  the  addition  is  complete,  heating  is  continued  for  an 
additional  15  hours  (Note  4). 

The  reaction  vessel  is  cooled  to  30°  and  the  reflux  condenser 
replaced  with  a  distillation  head  and  condenser.  The  methylene 
chloride  is  removed  by  distillation,  b.p.  35-55°.  The  residue  is 
then  transferred  to  a  500-ml.  round-bottomed  flask  and  distilled 
through  a  30-cm.  Vigreux  column.  The  yield  of  a-chloroanisole 
is  266-271  g.  (93-95%),  b.p.  74-77°  (13  mm.),  n25 d  1.5342 
(Notes  5,  6,  7). 
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2.  Notes 

1.  Anisole  supplied  by  Eastman  Organic  Chemicals  is  satis¬ 
factory. 

2.  Methylene  chloride  (b.p.  39.5-40.5°)  supplied  by  Matheson, 
Coleman  and  Bell  is  suitable. 

3.  Sulfuryl  chloride  (practical  grade)  supplied  by  Matheson, 
Coleman  and  Bell  is  satisfactory. 

4.  Shorter  reflux  times  give  poorer  yields. 

5.  There  is  no  forerun. 

6.  The  literature  boiling  points  are  88-90°  (15  mm.)  and 
60-70°  (4  mm.).2, 3 

7.  On  gas  chromatographic  analysis  the  a-chloroanisole  pre¬ 
pared  by  this  method  was  found  to  be  90%  pure  (15%  Ucon  oil 
LB-550-x  on  Chromosorb  W).  The  a-chloroanisole  may  be 
redistilled,  b.p.  84-85°  (20  mm.),  through  a  30-cm.  Vigreux 
column  to  yield  a  material  of  96%  purity,  n25 D  1.5346. 

3.  Methods  of  Preparation 

a-Chloroanisole  has  been  prepared  by  the  reaction  of  sodium 
phenoxymethanesulfonate  with  phosphorus  pentachloride  2  and 
by  the  direct  chlorination  of  anisole  with  light.3  The  procedure 
described  here  is  essentially  that  of  Bordwell  and  Pitt.4 

4.  Merits  of  the  Preparation 

The  present  method  gives  better  yields  and  is  a  simpler 
procedure  than  those  described  previously.  The  ease  of  prepara¬ 
tion  of  a-chloro  ethers  enables  one  to  effectively  remove  a  pro¬ 
tecting  methyl  group  from  a  phenol.2  a-Chloroanisole  is  used 
to  produce  phenoxycarbene,  a  reactive  intermediate  in  cyclo¬ 
propane  synthesis.5 

1.  Chemical  Research  Division,  The  Norwich  Pharmacal  Company,  Norwich, 
New  York. 

2.  H.  J.  Barber,  R.  F.  Fuller,  M.  B.  Green,  and  H.  T.  Zwartouw,  J.  Appl.  Chem. 
(London),  3,  266  (1953). 

3.  L.  Summers  and  W.  D.  Kelsch,  Proc.  N.  Dakota  Acad.  Set.,  6,  55  (1952). 

4.  F.  G.  Bordwell  and  B.  M.  Pitt,  J.  Am.  Chem.  Soc.,  77,  572  (1955). 

5.  U.  Schollkopf,  A.  Lerch,  and  J.  Paust,  Ber.,  96,  2266  (1963). 
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CHOLANE-24-AL 


Submitted  by  John  G.  Moffatt  1 

Checked  by  Robert  Fairweather  and  Ronald  Breslow 


1.  Procedure 

Cholane-24-ol  (1.033  g.,  3  mmoles)  (Note  1)  is  dissolved  by 
gentle  warming  in  10  ml.  of  anhydrous  benzene  (Note  2)  in  a 
50-ml.  flask,  and  10  ml.  of  rigorously  dried  dimethyl  sulfoxide 
(Note  3)  is  added.  To  the  clear  solution  are  added  0.24  ml. 
(3.0  mmoles)  of  anhydrous  pyridine  (Note  4),  0.12  ml.  (1.5  mmoles) 
of  distilled  trifluoroacetic  acid,  and  1.85  g.  (9  mmoles)  of  dicyclo- 
hexylcarbodiimide  (Note  5),  in  that  order.  The  flask  is  tightly 
stoppered  and  left  at  room  temperature  for  18  hours  (Note  6). 
Benzene  (30  ml.)  is  then  added,  and  the  crystalline  dicyclo- 
hexylurea  is  removed  by  filtration  (Note  7)  and  washed  with 
benzene.  The  combined  filtrates  and  washings  are  extracted 
three  times  with  50-ml.  portions  of  water  (Note  8)  to  remove  the 
dimethyl  sulfoxide.  The  organic  layer  is  dried  with  sodium 
sulfate  and  evaporated  to  dryness  under  reduced  pressure.  There 
is  obtained  2.12  g.  of  syrup  which  partially  crystallizes.  Thin- 
layer  chromatography  of  this  material  (Note  9)  shows  a  very 
intense  spot  of  cholane-24-al,  traces  of  starting  material,  and 
two  compounds  near  the  solvent  front  as  well  as  excess  car- 
bodiimide  (Note  9). 
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The  crude  product  is  dissolved  in  benzene-hexane  (1 : 1)  and 
applied  to  a  column  containing  125  g.  of  silicic  acid  (Note  10). 
Elution  with  the  same  solvent  gives  traces  (less  than  5  mg.  each) 
of  the  two  fast-moving  components  in  fractions  2  and  4  (125-ml. 
fractions)  and  chromatographically  pure  cholane-24-al  in  frac¬ 
tions  5-8  (Note  11).  Evaporation  of  the  pooled  fractions  yields 
870  mg.  (84%)  of  the  pure  crystalline  aldehyde,  m.p.  102-104°. 
Recrystallization  from  5  ml.  of  acetone  raises  the  melting  point 
to  103-104°  (Note  12). 

The  compound  gives  a  crystalline  2,4-dinitrophenylhydrazone, 
m.p.  163-164°,  from  ethanol. 

2.  Notes 

1.  Available  from  Aldrich  Chemical  Company. 

2.  Dried  by  storage  over  calcium  hydride. 

3.  Dried  by  distillation  under  reduced  pressure  and  storage 
for  several  days  over  Linde  Molecular  Sieves  Type  4A. 

4.  Dried  by  distillation  from,  and  storage  over,  calcium 
hydride. 

5.  The  dry,  crystalline  material  may  be  obtained  from  Aldrich 
Chemical  Company.  If  the  reagent  is  at  all  oily  at  room  temper¬ 
ature,  it  should  be  distilled  under  reduced  pressure,  b.p.  140° 
(5  mm.). 

6.  Crystalline  dicyclohexylurea  (m.p.  234°)  starts  to  separate 
after  a  short  time.  The  checkers  found  a  decrease  in  yield  if 
this  is  allowed  to  run  longer;  a  yield  of  54%  was  found  in  a 
22-hour  reaction  time. 

7.  Roughly  0.6-0. 8  g.  of  the  urea  is  usually  obtained,  m.p. 
232-234°.  The  excess  dicyclohexylcarbodiimide  remains  in  the 
benzene.  The  oxidation  is  generally  less  satisfactory  if  less  than 
2.5  molar  equivalents  of  carbodiimide  is  used. 

8.  Some  further  dicyclohexylurea  tends  to  separate  at  the 
interface  during  the  first  extraction,  and  a  clean  separation  of 
the  layers  near  the  interface  is  aided  by  mild  centrifugation. 

9.  On  Merck  Silica  G  using  benzene  as  the  solvent  and  5% 
ammonium  molybdate  in  10%  sulfuric  acid  followed  by  brief 
heating  at  150°  to  develop  the  spots.  Under  these  conditions 
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cholane-24-al  has  an  Rf  of  0.76  while  cholane-24-ol  has  Rf  0.19; 
dicyclohexylcarbodiimide  streaks  between  0.3  and  0.5. 

10.  Merck  silica  gel  with  0.05-0.20  mm.  particles  obtained 
from  Brinkman  Instruments  Inc.  and  packed  in  a  3-cm.  diameter 
column  under  benzene-hexane  (1:1). 

1 1 .  The  fractions  were  examined  by  thin-layer  chromatography 
of  25-50  jul.  aliquots  as  in  Note  9.  The  checkers  found  that 
cholane-24-al  is  found  in  fractions  4-7. 

12.  The  compound  is  very  soluble  in  most  organic  solvents. 
In  order  to  get  a  high  recovery,  it  is  necessary  to  complete  the 
crystallization  in  the  deep  freeze.  From  aqueous  ethanol  the 
aldehyde  crystallized  in  high  yield  as  the  hemihydrate,  m.p.  95°. 

3.  Methods  of  Preparation 

Cholane-24-al  has  not  been  previously  synthesized  by  other 
methods. 


4.  Merits  of  the  Preparation 

The  oxidation  reaction  described  is  a  very  general  one  that 
may  be  used  for  the  preparation  of  both  aldehydes  and  ketones  2 
in  high  yield.  The  reaction  conditions  are  extremely  mild  and 
only  slightly  acidic,  thus  allowing  the  preparation  of  otherwise 
very  unstable  compounds.2  Of  particular  merit  is  the  fact  that 
the  oxidation  of  primary  alcohols  stops  selectively  at  the  alde¬ 
hyde  and  gives  no  traces  of  acidic  products.  Among  the  many 
different  acids  that  have  been  examined  as  the  proton  source  for 
this  type  of  reaction,2  pyridinium  trifluoroacetate  consistently 
gives  the  best  results. 

1.  Syntex  Institute  for  Molecular  Biology,  Palo  Alto,  California. 

2.  K.  E.  Pfitzner  and  J.  G.  Moffatt,  J.  Am.  Chem.  Soc.,  87,  5661,  5670  (1965). 
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CYCLOBUTYLAMINE 


COOH 

T  NaN3  "I-  2  H2SO4  — * 

- NH3+HS04- 

+  NaHS04  +  N2  +  C02 


•nh3+hso4- 

+  2  NaOH  -> 

- 1— nh2 

T  H20  T  Na2S04 


Submitted  by  Newton  W.  Werner  and  Joseph  Casanova,  Jr. *  1 
Checked  by  Donald  Barth  and  Kenneth  B.  Wiberg 


1.  Procedure 

Caution!  The  reaction  should  he  carried  out  in  a  good  hood 
because  hydrazoic  acid  is  very  toxic.  Care  should  also  be  taken  in 
handling  sodium  azide. 

In  a  1-1.  three-necked,  round-bottomed  flask  equipped  with  a 
mechanical  stirrer,  reflux  condenser,  and  powder  funnel  are 
placed  180  ml.  of  reagent  grade  chloroform,  16.0  g.  (0.16  mole) 
of  cyclobutanecarboxylic  acid  (Note  1),  and  48  ml.  of  concen¬ 
trated  sulfuric  acid.  The  flask  is  heated  in  an  oil  bath  to  45-50°, 
and  20.0  g.  (0.31  mole)  of  sodium  azide  (Note  2)  is  added  over 
a  period  of  1.5  hours  (Note  3).  After  the  addition  of  sodium 
azide  is  complete,  the  reaction  mixture  is  heated  at  50°  for  1.5 
hours.  The  flask  is  cooled  in  an  ice  bath,  and  approximately 
200  g.  of  crushed  ice  is  added  slowly.  A  solution  of  100  g.  of 
sodium  hydroxide  in  200  ml.  of  water  is  prepared,  cooled  to  room 
temperature,  and  then  added  slowly  to  the  reaction  mixture 
until  the  pH  of  the  mixture  is  approximately  12-13.  The  mixture 
is  poured  into  a  2-1.  three-necked,  round-bottomed  flask,  the 
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flask  is  set  up  for  steam  distillation,  and  about  2  1.  of  distillate 
is  collected  in  a  cooled  receiver  containing  90  ml.  of  3N  hydro¬ 
chloric  acid  (Note  4).  The  water  and  chloroform  are  removed 
by  distillation  under  reduced  pressure  (Note  5),  and  the  amine 
hydrochloride  is  transferred  to  a  50  ml.  round-bottomed  flask 
with  a  few  milliliters  of  water.  A  straight  condenser  is  connected 
to  the  flask,  and  the  flask  is  cooled  in  an  ice  bath.  A  slush  is 
prepared  by  grinding  potassium  hydroxide  pellets  in  a  mortar 
and  then  adding  a  minimum  volume  of  water.  The  slush  is 
added  in  portions  through  the  top  of  the  condenser.  After  the 
mixture  has  become  sufficiently  basic,  the  amine  appears  as  a 
separate  phase.  More  potassium  hydroxide  pellets  are  added  to 
dry  the  amine  phase.  The  condenser  is  replaced  by  a  heated, 
vacuum-jacketed  Vigreux  column  equipped  with  a  soda-lime 
tube,  and  the  fraction  having  a  boiling  point  of  79-83°  is  collected. 
The  distillate  is  dried  over  potassium  hydroxide  pellets  for  2  days. 
The  liquid  is  decanted  into  a  distilling  flask  containing  a  few 
potassium  hydroxide  pellets  and  distilled  through  the  apparatus 
described  above  to  give  7-9  g.  (60-80%)  of  cyclobutylamine, 
b.p.  80.5-81.5°,  n25 d  1.4356  (Notes  6,  7). 

2.  Notes 

1.  Cyclobutanecarboxylic  acid  was  purchased  from  the  Aldrich 
Chemical  Co.,  Milwaukee,  Wisconsin.  A  synthesis  of  the  acid  is 
described  in  Org.  Syntheses ,  Coll.  Vol.  3,  213  (1955). 

2.  Eastman  practical  grade  was  used. 

3.  The  sodium  azide  is  added  at  such  a  rate  that  a  gentle  reflux 
of  vapors  in  the  powder  funnel  is  maintained.  After  somewhat 
more  than  the  theoretical  amount  of  azide  has  been  added,  the 
rate  of  addition  may  be  much  more  rapid. 

4.  The  distillation  should  be  carried  out  carefully  at  first  until 
all  the  chloroform  has  distilled.  A  distilling  adapter  dipping  just 
below  the  surface  of  the  acid  solution  should  be  used  in  order  to 
minimize  loss  of  cyclobutylamine.  Care  must  be  taken  that  the 
basic  solution  in  the  distillation  flask  which  still  contains  sodium 
azide  does  not  come  in  contact  with  the  hydrochloric  acid  solution 
in  the  receiver. 
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5.  A  water  aspirator  is  sufficient. 

6.  Contact  of  the  amine  with  the  atmbsphere  should  be 
avoided  since  the  amine  reacts  with  carbon  dioxide. 

7.  The  purity  of  the  product  was  checked  by  vapor  phase 
chromatography  on  a  polyethylene  glycol  on  Teflon  column  at 
72°,  15  p.s.i.,  and  a  flow  rate  of  102  ml.  of  helium  per  minute. 
The  sample  appeared  to  be  homogeneous,  but,  since  the  amine 
tails  badly  on  the  column,  it  is  not  possible  to  detect  the  presence 
of  a  small  amount  of  water  (less  than  3%). 

An  n.m.r.  spectrum  of  cyclobutylamine  in  carbon  tetra¬ 
chloride  showed  no  resonance  signals  at  less  than  1  p.p.m.  from 
tetramethy lsilane .  This  suggests  that  no  cyclopropylcarbinyl- 
amine  was  formed  by  rearrangement  during  the  reaction. 


3.  Methods  of  Preparation 

The  preparation  of  cyclobutylamine  from  cyclobutanecar- 
boxylic  acid  and  hydrazoic  acid  has  been  reported  previously.2, 3 
Cyclobutylamine  has  also  been  prepared  by  the  Hofmann-type 
rearrangement  of  cyclobutanecarboxamide.4-7 

4.  Merits  of  the  Preparation 

This  procedure  permits  the  synthesis  of  cyclobutylamine  from 
cyclobutanecarboxylic  acid  in  one  step  and  in  high  yield.  The 
procedures  involving  the  Hofmann  rearrangement  require  the 
preparation  of  the  amide  from  the  acid  and  afford  lower  yields 
of  the  amine. 

The  interest  in  the  synthesis  of  compounds  containing  the 
cyclobutyl  ring  system  is  due  to  the  observation  that  reactions 
which  are  thought  to  proceed  through  cationic  intermediates  give 
rise  to  rearrangement  products.  For  example,  deamination  of 
cyclobutylamine  in  aqueous  solution  gives  cyclopropylcarbinol 
and  allylcarbinol  as  well  as  cyclobutanol.8  Recent  investigations 
have  been  concerned  with  the  exact  nature  of  these  cationic 
intermediates.9,  10 
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1.  Procedure 

In  a  3-1.  three-necked,  round-bottomed  flask  fitted  with  a 
mechanical  stirrer  and  set  up  for  a  simple  vacuum  distillation 
are  placed  500  ml.  of  triethylene  glycol  dimethyl  ether  (Note  1) 
and  300  ml.  of  isopropyl  alcohol.  Mechanical  stirring  is  started, 
and  53.5  g.  (2.23  moles)  of  sodium  hydride  in  a  mineral  oil  sus¬ 
pension  is  added  in  small  portions.  After  the  addition  is  complete, 
the  remaining  neck  of  the  flask  is  fitted  with  a  Y-tube  to  which  is 
connected  a  two-holed  rubber  stopper  containing  a  thermometer 
which  reaches  into  the  flask  below  the  liquid  level  and  a  piece  of 
glass  tubing  which  is  connected  to  a  nitrogen  tank.  A  pressure¬ 
equalizing  dropping  funnel  containing  242  g.  (1.00  mole)  of 
1,2-dibromocyclohexane  (Note  2)  is  placed  in  the  other  arm  of 
the  Y-tube. 

The  temperature  of  the  reaction  flask  is  raised  to  100-110°, 
and  the  receiving  flask  is  cooled  in  a  dry  ice-isopropyl  alcohol 
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bath  as  a  rapid  stream  of  nitrogen  is  passed  through  the  system. 
After  most  of  the  isopropyl  alcohol  has  been  removed  by  distilla¬ 
tion  (Note  3),  the  receiver  is  changed,  and  the  system  is  evacu¬ 
ated  by  a  water  aspirator  (Note  4).  Dropwise  addition  of  1,2- 
dibromocyclohexane  is  begun,  and  the  rate  of  addition  is  adjusted 
so  that  the  temperature  of  the  reaction  mixture  is  maintained  at 
100-1 10°  without  external  heating.  The  addition  requires  about 
30  minutes;  the  reaction  is  terminated  when  distillation  becomes 
very  slow. 

The  distillate  is  washed  four  times  with  200-ml.  portions  of 
water,  and  the  organic  layer  is  dried  with  anhydrous  magnesium 
sulfate.  The  yield  of  1,3-cyclohexadiene  is  56  g.  (70%)  (Note  5). 
The  diene  can  be  separated  from  higher-boiling  contaminants  by 
a  simple  distillation  at  atmospheric  pressure  under  nitrogen; 
b.p.  78-80°,  yield  28-32  g.  (35-40%)  (Note  6). 

2.  Notes 

1.  l,2-Bis(methoxyethoxy)ethane  (triethylene  glycol  dimethyl 
ether)  was  obtained  from  Matheson,  Coleman  and  Bell  and  used 
without  further  purification. 

2.  The  1,2-dibromocyclohexane  was  prepared  by  the  method 
of  Snyder  and  Brooks.2  If  the  cyclohexene  is  cooled  to  ca.  —30° 
with  a  dry  ice-isopropyl  alcohol  bath  and  the  bromine  is  not 
diluted,  it  is  possible  to  run  this  preparation  on  a  threefold  scale 
in  one-third  of  the  recorded  time.  The  product  was  always 
purified  by  the  recommended  procedure. 

3.  If  the  flow  of  nitrogen  is  rapid,  the  distillation  can  be 
completed  in  about  1  hour;  otherwise  the  distillation  is  very  slow. 

4.  A  dry  ice-isopropyl  alcohol  trap  was  inserted  before  the 
aspirator  to  catch  any  uncondensed  product.  The  checkers  also 
inserted  a  manometer  between  this  trap  and  the  aspirator,  and 
maintained  the  pressure  during  the  reaction  at  130-170  mm.  by 
careful  adjustment  of  the  regulator  valve  of  the  nitrogen  cylinder. 

5.  If  the  temperature  rises  too  high  or  the  vacuum  is  not 
sufficient  to  flash  out  the  diene  as  it  forms,  the  product  will  be 
contaminated  with  small  amounts  of  cyclohexene,  benzene,  and 
1 ,4-cyclohexadiene. 
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6.  The  checkers  found  that  distillation  without  the  use  of  a 
nitrogen  atmosphere  gave  43-44  g.  (54-55%)  of  product,  b.p. 
80-83°,  of  excellent  purity  as  shown  by  n.m.r.  spectroscopy. 

3.  Methods  of  Preparation 

1,3-Cyclohexadiene  has  been  prepared  by  dehydration  of 
cyclohexen-3-ol,3  by  pyrolysis  at  540°  of  the  diacetate  of  cyclo¬ 
hexane-1, 2-diol, 4  by  dehydrobromination  with  quinoline  of 
3-bromocyclohexene,5  by  treating  the  ethyl  ether  of  cyclohexen- 
3-ol  with  potassium  bisulfate,6' 7  by  heating  cyclohexene  oxide 
with  phthalic  anhydride,8  by  treating  cyclohexane-1, 2-diol  with 
concentrated  sulfuric  acid,9  by  treatment  of  1,2-dibromocyclo- 
hexane  with  tributylamine,10  with  sodium  hydroxide  in  ethylene 
glycol,10  and  with  quinoline,6  and  by  treatment  of  3,6-dibromo- 
cyclohexene  with  sodium.6 

4.  Merits  of  the  Preparation 

Because  of  its  convenience  and  simplicity  this  procedure  is  the 
method  of  choice  for  laboratory  preparation  of  1,3-cyclohexa- 
diene.  This  olefin  is  an  intermediate  of  some  importance  because 
it  offers  a  route  via  the  Diels-Alder  reaction  to  a  variety  of 
bicyclic  compounds.4, 7'  10 
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CYCLOHEXYLIDENECYCLOHEXANE 

(Bicyclohexylidene) 


O 


Submitted  by  Nicholas  J.  Tukro,1  Peter  A.  Leermakers,2 
and  George  F.  Vesley  2 
Checked  by  Alex  G.  Fallis  and  Peter  Yates 


1.  Procedure 

A.  Dis piro[5. 1.5.1] tetradecane-7 , 1 4-dione .  Cyclohexanecarbon- 
yl  chloride  (Note  1)  (30.0  g.,  0.205  mole)  and  250  ml.  of  dry 
benzene  are  placed  in  a  three-necked,  round-bottomed  flask 
equipped  with  a  stirrer,  condenser,  and  dropping  funnel.  A  nitro¬ 
gen  atmosphere  is  maintained  in  the  system.  Dry  triethylamine 
(35.0  g.,  0.35  mole)  is  slowly  added,  and  the  mixture  is  heated 
under  reflux  overnight.  The  amine  hydrochloride  is  then  filtered, 
and  the  filtrate  is  washed  with  dilute  hydrochloric  acid  and  with 
water.  Solvent  is  removed  on  a  steam  bath,  and  the  residue  is 
recrystallized  from  ligroin-ethanol ;  yield  11-13  g.  (49-58%), 
m.p.  161-162°. 

B.  Cyclohexylidenecyclohexane.  In  a  Hanovia  450-watt  im¬ 
mersion  photochemical  reactor  (Note  2),  equipped  with  a  side 
arm  attachment  to  monitor  gas  evolution,  is  placed  15  g.  (0.068 
mole)  of  dispiro  [5.1.5. 1  ]  tetradecane-7 , 14-dione  dissolved  in 
150  ml.  of  methylene  chloride.  The  sample  is  irradiated,  and 
carbon  monoxide  starts  to  evolve  rapidly  after  a  few  minutes. 
Irradiation  is  continued  until  gas  evolution  has  ceased,  usually 
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about  8-10  hours  (Note  3).  After  the  irradiation  most  of  the 
solvent  is  removed  on  a  steam  bath.  The  residual  oil  is  trans¬ 
ferred  to  a  sublimator.  The  sublimator,  with  the  cold  finger 
removed,  is  placed  in  a  vacuum  desiccator,  and  the  system  is 
evacuated  to  remove  any  remaining  methylene  chloride.  The 
semisolid  residue  is  then  sublimed  at  45°  (1  mm.)  to  yield  7  g. 
(63%)  of  crude  cyclohexylidenecyclohexane.  The  product  after 
recrystallization  from  methanol  weighs  5.5  g.  (49%),  m.p.  53-54°. 

2.  Notes 

1.  Cyclohexanecarbonyl  chloride  was  obtained  from  Eastman 
Organic  Chemicals. 

2.  The  reactor,  manufactured  by  the  Hanovia  Division  of 
Engelhard  Industries,  consists  of  a  water-jacketed  Vycor  well 
through  which  a  stream  of  water  is  continuously  passed.  Since 
wavelengths  shorter  than  3000  A  are  not  needed,  the  immersion 
well  may  be  made  of  Pyrex  instead.  Within  the  well  is  a  No. 
679A-36  450-watt  medium-pressure  mercury  lamp,  also  manufac¬ 
tured  by  Hanovia,  and  a  cylindrical  Pyrex  filter  which  surrounds 
the  lamp.  The  well  is  placed  in  an  appropriately  shaped  flask  con¬ 
taining  the  solution  to  be  irradiated.  The  flask  is  essentially 
cylindrical  and  is  equipped  with  a  side  arm  near  the  top  through 
which  gas  can  escape  and  be  bubbled  through  a  container  of 
water.  The  flask  is  so  designed  that  the  liquid  level  is  above  the 
top  of  the  lamp.  The  reaction  vessel  is  quite  similar  to  that 
shown  in  Fig.  1  (p.  65). 

The  same  synthesis  could  be  carried  out  in  an  ordinary  flask 
using  one  or  two  sunlamps  or  sunlight,  but  the  irradiation  time 
would  necessarily  be  much  longer. 

3.  The  system  should  be  relatively  free  of  oxygen  during 
irradiation.  Oxygen  apparently  combines  with  a  photochemical 
intermediate  to  form  cyclohexanone.3  Under  the  conditions 
recommended  in  the  procedure,  oxygen  is  prevented  from  enter¬ 
ing  the  system  by  the  water  trap  which  also  serves  as  a  monitor 
for  gas  evolution. 
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3.  Methods  of  Preparation 

Ethyl  1-bromocyclohexanecarboxylate,  when  treated  with 
magnesium  in  anhydrous  ether-benzene  with  subsequent  addition 
of  cyclohexanone,  yields  ethyl  1-(1 -hydroxy cyclohexyl) cyclo- 
hexanecarboxylate.  Dehydration  and  saponification  give  rise  to 
l-(l-cyclohexenyl)cyclohexanecarboxylic  acid,  which  upon  de¬ 
carboxylation  at  195°  yields  cyclohexylidenecyclohexane  in  8% 
overall  yield,  m.p.  54° .4  This  olefin  has  also  been  prepared  by 
the  debromination  of  l,l'-dibromobicyclohexyl  with  zinc  in 
acetic  acid.5 

The  preparation  of  the  dispiro[5.1.5.1]tetradecane-7,14-dione 
intermediate  is  essentially  that  of  Walborsky  and  Buchman.6 

4.  Merits  of  the  Preparation 

The  most  obvious  features  of  this  synthesis  are  its  simplicity 
and  overall  yield,  which  appear  to  be  superior  to  those  of  any 
other  published  report.  An  important  merit  lies  in  the  generality 
of  the  reaction,  and  the  fact  that  it  is  an  example  of  a  reasonably 
large-scale  photochemical  preparation.  Tetramethylethylene  is 
readily  produced  from  commercially  available  tetramethy  1-1,3- 
cyclobutanedione  by  an  identical  route.7 
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2-CYCLOHEXYLOXYETHANOL 
[Ethanol,  2-(cyclohexyloxy)-] 


=0  +  HOCH2CH2OH 


1.  L1A1H4,  A1CU 

2.  h2o,  h+ 


^>— OCH2CH2OH 


Submitted  by  Ronald  A.  Daignault  and  E.  L.  Eliel  1 
Checked  by  J.  R.  Edman  and  B.  C.  McKusick 


1.  Procedure 

A.  1 ,4-Dioxaspiro[4.5]decane.  A  1-1.  round-bottomed  flask  is 
charged  with  118  g.  (1.20  moles)  of  cyclohexanone,  82  g.  (1.32 
moles)  of  1,2-ethanediol,  250  ml.  of  reagent  grade  benzene,  and 
0.05  g.  of  ^-toluenesulfonic  acid  monohydrate.  The  flask  is 
attached  to  a  water  separator2  under  a  reflux  condenser  fitted 
with  a  drying  tube.  A  heating  mantle  is  placed  under  the  flask, 
and  the  reaction  mixture  is  refluxed  until  close  to  the  theoretical 
amount  of  water  (21.6  ml.)  has  collected  in  the  trap;  this  requires 
about  6  hours.  The  reaction  mixture  is  cooled  to  room  temper¬ 
ature,  extracted  successively  with  200  ml.  of  10%  sodium  hydrox¬ 
ide  solution  and  five  100-ml.  portions  of  water,  dried  over  an¬ 
hydrous  potassium  carbonate,  and  distilled  through  a  20-cm. 
Vigreux  column.  l,4-Dioxaspiro[4.5]decane  is  obtained  as  a 
colorless  liquid,  b.p.  65-67°  (13  mm.),  weight  128-145  g.  (75- 
85%),  n25 d  1.4565-1.4575. 

B.  2-Cyclohexyloxy ethanol.  A  well-dried,  3-1.  three-necked, 
round-bottomed  flask  is  equipped  with  a  stirrer,  a  pressure¬ 
equalizing  dropping  funnel,  and  a  condenser  to  whose  top  is 
attached  a  calcium  chloride  drying  tube.  The  flask  is  charged 
with  242  g.  (1.81  moles)  of  anhydrous  aluminum  chloride  powder 
and  is  immersed  in  an  ice-salt  bath.  Anhydrous  ether  (25-50 
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ml.)  is  added  dropwise  through  the  dropping  funnel,  stirring  is 
begun  as  soon  as  possible,  and  an  additional  450-475  ml.  of  ether 
is  added  rapidly  (total  volume  of  ether  added:  500  ml.).  The 
mixture  is  stirred  for  approximately  30  minutes  and  becomes  a 
light  gray  solution.  During  this  period  a  mixture  of  16.7  g. 
(0.44  mole)  of  lithium  aluminum  hydride  and  500  ml.  of  anhy¬ 
drous  ether  is  vigorously  stirred  in  a  1-1.  round-bottomed  flask 
under  a  nitrogen  atmosphere  (Note  1).  The  resulting  suspension 
is  added  to  the  ethereal  aluminum  chloride  solution  through  the 
dropping  funnel.  The  resulting  mixture,  a  gray  slurry,  is  stirred 
for  at  least  30  minutes. 

A  solution  of  125  g.  (0.88  mole)  of  l,4-dioxaspiro[4.5]decane 
in  200  ml.  of  anhydrous  ether  is  added  at  a  rate  to  cause  gentle 
refluxing.  The  ice-salt  bath  is  replaced  by  a  steam  bath,  and  the 
reaction  mixture  is  refluxed  for  3  hours.  The  calcium  chloride 
drying  tube  is  removed,  and  the  steam  bath  is  replaced  by  an  ice 
bath.  The  excess  hydride  is  carefully  destroyed  by  adding  water 
dropwise  until  hydrogen  is  no  longer  evolved;  about  12  ml.  of 
water  is  needed.  This  is  followed  by  the  more  rapid  addition  of 
1  1.  of  10%  sulfuric  acid  and  then  400  ml.  of  wrater.  This  combi¬ 
nation  dissolves  all  the  inorganic  salts  formed  and  results  in  the 
formation  of  two  clear  layers.  The  ether  layer  is  separated  in  a 
3-1.  separatory  funnel,  and  the  aqueous  layer  is  extracted  with 
three  200-ml.  portions  of  ether.  The  combined  ethereal  extracts 
are  washed  successively  with  200  ml.  of  saturated  sodium  bicar¬ 
bonate  solution  and  200  ml.  of  saturated  brine.  The  ethereal 
solution  is  dried  overnight  over  anhydrous  potassium  carbonate, 
filtered  through  a  fluted  filter  paper,  and  concentrated  by  distilla¬ 
tion  on  a  steam  bath.  The  residue,  a  pale  yellow  liquid  weighing 
about  130  g.,  is  distilled  through  a  20-cm.  Vigreux  column  under 
reduced  pressure.  2-Cyclohexyloxyethanol  is  obtained  as  a 
colorless  liquid,  b.p.  96-98°  (13  mm.),  weight  105-119  g.  (83- 
94%),  n25D  1.4600-1.4610. 


2.  Note 

1.  Most  of  the  lithium  aluminum  hydride  is  in  solution,  but 
some  is  in  suspension.  When  the  humidity  is  below  35%,  lithium 
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aluminum  hydride  can  be  weighed  in  air;  otherwise  the  weigh¬ 
ing  should  be  done  in  a  dry  box.  Although  some  workers  pulver¬ 
ize  lithium  aluminum  hydride  before  dissolving  or  suspending  it 
in  a  liquid,  the  checkers  recommend  that  this  not  he  done  because  it 
has  led  to  several  explosions  in  their  laboratory.  The  present 
procedure  gives  a  fine  suspension  that  generally  passes  through 
the  stopcock  of  the  dropping  funnel  without  plugging  it.  A 
wooden  stick  or  copper  wire  should  be  in  readiness  to  clear  the 
stopcock  if  it  plugs  up. 

Twice  the  theoretical  amount  of  lithium  aluminum  hydride  is 
used,  but  this  is  necessary  for  the  best  yields. 


3.  Methods  of  Preparation 

The  method  of  preparing  l,4-dioxaspiro[4.5]decane  is  that  of 
Salmi.3  The  methods  used  by  Lorette  and  Howard  4  to  prepare 
ketals  are  convenient  for  preparing  l,4-dioxaspiro[4.5]decane. 

The  present  method  of  preparing  2-cyclohexyloxyethanol  has 
been  described  before,5  but  on  a  smaller  scale.  Other  /3-hydroxy 
ethers  5  and  /3-hydroxy  thio  ethers  6  can  be  prepared  by  the  same 
method.  Hydrogenolysis  of  the  C — 0  bond  in  acetals  has  also 
been  reported  7  with  diisobutylaluminum  hydride;  for  example, 
2-cyclohexyloxyethanol  was  obtained  in  91%  yield  in  this 
manner. 

2-Cyclohexyloxyethanol  has  also  been  prepared  by  reduction 
of  cyclohexyloxyacetic  acid  with  lithium  aluminum  hydride  8  and 
by  decomposition  of  cyclohexanone  methanesulfonylhydrazone 
with  sodium  in  ethylene  glycol.9 

4.  Merits  of  the  Preparation 

The  method  described  is  more  convenient  than  earlier  methods 
of  preparing  2-cyclohexyloxyethanol.  It  may  be  adapted  to  the 
preparation  of  other  /3-hydroxyethyl  and  7-hydroxypropyl 
ethers  5  and  the  corresponding  thio  ethers.6  Although  ketals  are 
resistant  to  reduction  by  lithium  aluminum  hydride  alone,  the 
presence  of  a  Lewis  acid  facilitates  C — O  cleavage,  presumably 
via  an  oxocarbonium  ion,10  as  the  procedure  demonstrates. 
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m-CYMENE 

(m-Isopropyltoluene) 


Submitted  by  D.  E.  Pearson,  Robert  D.  Wysong,  and  J.  M.  Finkel  1 
Checked  by  Richard  A.  Haggard  and  W.  D.  Emmons 


1.  Procedure 

Caution!  It  is  necessary  to  cany  out  the  entire  operation  including 
the  workup  in  a  well-ventilated  hood.  Rubber  gloves  and  safety 
glasses  should  be  worn  ( Note  1). 

Anhydrous  hydrogen  fluoride  (135  ml.,  approx.  7  moles)  is 
liquefied  by  passing  the  gas  through  an  8-ft.  spiral  of  |-in.  I.D. 
copper  tubing  surrounded  by  an  isopropyl  alcohol-dry  ice  bath 
(Note  2).  The  liquid  is  delivered  to  a  500-ml.  polyethylene 
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squeeze  bottle  (Note  3)  containing  a  magnetic  stirring  bar  via  a 
polyethylene  tube  inserted  through  the  screw  cap  of  the  bottle. 
The  squeeze  bottle  is  contained  in  a  2-1.  beaker  and  is  surrounded 
by  powdered  dry  ice  (Note  4).  After  the  hydrogen  fluoride  is 
collected,  the  cap  and  delivery  tube  are  removed,  and  ^-cymene 
(terpene-free,  67  g.,  0.5  mole),  precooled  to  -50°  to  -60°,  just 
above  the  slush  point,  is  added  to  the  hydrogen  fluoride.  The 
cap  and  polyethylene  tube  assembly  is  now  attached  to  deliver 
boron  trifluoride.  The  delivery  tube  in  this  case  dips  below  the 
surface  of  the  hydrogen  fluoride,  the  bottom  layer.  Boron  tri¬ 
fluoride  is  bubbled  through  while  the  mixture  is  efficiently  stirred 
with  a  magnetic  stirrer  (Note  5).  A  light  orange  color  develops 
immediately,  and  the  two  layers  become  one  in  about  30  minutes 
(Note  6).  Additional  powdered  dry  ice  must  be  added  to  the 
beaker  during  the  boron  trifluoride  addition.  The  volume  of  the 
complex  increases  about  25%.  After  homogeneity  is  effected 
(in  30  minutes),  a  somewhat  slower  stream  of  boron  trifluoride  is 
added  for  an  additional  30  minutes  (Note  7).  The  delivery  tube 
is  replaced  by  a  cap  on  the  polyethylene  bottle,  the  drying  tube 
is  removed,  and  the  original  side-arm  tube  is  lowered  to  the 
bottom  of  the  container.  The  cold  reaction  mixture  is  squirted, 
by  squeezing  the  bottle,  in  a  continuous  small  stream  into  a  4-1. 
beaker  half-filled  with  cracked  ice,  vigorously  hand-stirred.  The 
bottle  is  rinsed,  and  the  contents  of  the  beaker  are  placed  in  a 
large  separatory  funnel.  The  upper  colorless  layer  is  separated, 
and  the  aqueous  phase  is  extracted  3  times  with  50-ml.  portions 
of  hexane.  The  combined  organic  layers  are  washed  with  three 
50-ml.  portions  of  water  and  dried  overnight  with  anhydrous 
sodium  sulfate  under  refrigeration  (Note  8).  The  hexane  solu¬ 
tion  at  this  point  contains  m-cymene  with  about  8%  dispropor¬ 
tionation  impurities  including  toluene.  The  solution  is  fraction¬ 
ated  through  a  1-ft.  helices-packed  column,  with  the  m-cymene 
at  boiling  point  173-176°,  50-54  g.  (75-80%)  being  collected 
(Note  9). 


2.  Notes 

1.  In  the  event  of  accidental  contact  of  hydrogen  fluoride  with 
the  skin,  the  affected  area  must  be  washed  immediately  and 
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thoroughly  with  cold  water.  Additional  treatment  has  been 
described.2 

2.  If  one  half  the  given  quantity  of  hydrogen  fluoride  is  used, 
all  other  factors  being  kept  the  same,  the  w-cymene  formed 
contains  as  much  as  5%  of  ^-cymene. 

3.  A  Nalgene  “15-500”  polyethylene  bottle  (Nalge  Co., 
Rochester,  New  York)  was  used.  The  side  arm  coming  off  the 
shoulder  of  the  bottle  is  kept  well  above  the  liquid  level,  the 
constricted  tip  removed,  and  the  end  of  the  tube  connected  to  a 
drying  tube  containing  clay  plate  chips  impregnated  with 
concentrated  sulfuric  acid. 

A  squeeze  bottle  can  be  simply  made  from  a  500-ml.  narrow¬ 
mouthed  polyethylene  bottle  and  polyethylene  tubing.  Holes  in 
the  bottle  cap  and  shoulder  are  made  with  a  sharp  cork  borer  of 
the  appropriate  size  to  ensure  a  tight  fit  with  the  inserted  tubing. 

4.  A  polyethylene  or  copper  foil  loop  1  in.  wide  is  placed 
between  the  squeeze  bottle  and  the  side  of  the  beaker  in  such  a 
position  as  to  exclude  the  dry  ice  from  the  space  and  to  provide 
a  window  to  permit  one  to  see  that  the  liquid  hydrogen  fluoride 
fills  the  bottle  to  a  premarked  level.  The  frost  on  the  beaker 
must  be  scraped  off  to  allow  inspection  through  the  window. 

5.  The  stirring  motor  is  housed  in  a  polyethylene  bag  to 
protect  it  from  acid  fumes. 

6.  Larger  quantities  of  boron  trifluoride  are  evolved  from  the 
drying  tube  at  this  point.  During  the  first  30  minutes,  boron 
trifluoride  is  added  at  a  rate  which  gives  a  slow  emanation  of 
fuming  vapor  from  the  drying  tube.  The  checkers  found  that 
the  product  was  contaminated  by  ^-cymene  when  inefficient 
stirring  and  slow  boron  trifluoride  addition  rates  were  employed 
(Note  7). 

7.  The  checkers  used  a  flowmeter  to  monitor  boron  trifluoride 
addition  and  found  that  an  indicated  addition  rate  of  1800 
ml. /min.  (calibrated  with  air)  for  the  first  5  minutes  followed  by 
an  average  rate  of  600  ml. /min.  gave  homogeneity  in  the  pre¬ 
scribed  time.  A  rate  of  150  ml./min.  was  used  for  the  second 
30  minutes. 

8.  All  glassware  is  rinsed  with  water  immediately  after  use  to 
prevent  etching. 
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9.  The  product  is  analyzed  by  vapor  phase  chromatography 
using  a  6-ft.,  |-in.  O.D.  copper  tube,  packed  with  5%  Bentone-34 
(Wilkins  Instrument  Co.)  and  0.5%  XF-1150  (General  Electric 
Silicone  Products)  on  Diatoport-S  (80-100  mesh)  (F  and  M  Co.); 
flow  rate  of  helium  60  ml. /min.,  oven  temperature  85°.  This 
column  separates  w-cymene  (retention  time  12  minutes)  from 
^-cymene  (retention  time  10  minutes)  but  does  not  resolve  the 
ortho  isomer.  The  purity  of  the  distilled  m-cymene  is  above  98%. 


3.  Methods  of  Preparation 

m-Cymene  has  been  prepared  from  the  Grignard  reagent  of 
m-bromotoluene  and  acetone  followed  by  conversion  of  the 
carbinol  to  the  chloride  and  reduction  with  sodium  in  liquid 
ammonia.3  It  also  has  been  prepared  from  m-toluoyl  chloride 
and  excess  methylmagnesium  bromide  followed  by  catalytic 
reduction  of  the  olefin  formed.4  The  best  set  of  physical  proper¬ 
ties  for  the  isomeric  cymenes  appears  to  be  that  of  Birch  and 
co-workers.4  Many  examples  of  Friedel-Crafts  alkylation  of 
toluene  with  propylene  are  described;  apparently  the  best  of 
them  gives  a  90%,  yield  of  cymenes  containing  65-70%  m-cymene.5 

The  method  of  preparation  in  this  procedure  is  adapted  from 
that  of  McCauley  and  Fien  by  which  they  obtained  m-cymene 
in  unstated  yields.6  The  procedure  has  been  altered  to  operate 
at  —78°  rather  than  —20°. 


4.  Merits  of  the  Preparation 

Aromatic  hydrocarbons  substituted  by  alkyl  groups  other  than 
methyl  are  notorious  for  their  tendency  to  disproportionate  in 
Friedel-Crafts  reactions.  This  tendency  has  previously  limited 
the  application  of  the  isomerization  of  para-{ox  ortho-) dialkyl- 
benzenes  to  the  corresponding  meta  compounds.  At  the  lower 
temperature  of  the  present  modification,  disproportionation  can 
be  minimized. 

1.  Department  of  Chemistry,  Vanderbilt  University,  Nashville,  Tennessee  37203. 

2.  G.  A.  Olah  and  S.  J.  Kuhn,  Org.  Syntheses,  45,  3  (1965). 
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DEAMINATION  OF  AMINES.  2-PHENYLETHYL 
BENZOATE  VIA  THE  NITROSOAMIDE 
DECOMPOSITION 

(Benzoic  acid,  2-phenylethyl  ester) 

C6H5CH2CH2NH2  +  c6h5coci  CsH5N> 

C6H5CH2CH2NHCOC6H5 

CeHsCHaCHaNHCOCeHs  +  N204  -  CH,COiNa> 

C6H5CH2CH2NCOC6H5 

I 

NO 

C6H5CH2CH2NCOC6H5  A  C6H5CH2CH2OCOC6H5  +  n2 

I 

NO 

Submitted  by  Emil  White  1 

Checked  by  William  G.  Dauben  and  William  C.  Schwarzel 


1.  Procedure 

Caution!  Dinitrogen  tetroxide  is  extremely  toxic  and  should  only 
he  handled  in  an  excellent  hood. 

A.  N-(2-Phenylethyl)benzamide.  To  a  solution  of  12.1  g. 
(0.10  mole)  of  2-phenylethylamine  and  7.9  g.  (0.10  mole)  of 
pyridine  in  a  250-ml.  Erlenmeyer  flask  immersed  in  an  ice  bath 
is  added,  slowly  with  stirring,  15.5  g.  (0.11  mole)  of  benzoyl 
chloride.  The  resulting  crystalline  mixture  is  extracted  with 
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chloroform  and  the  chloroform  solution  washed  with  water,  5% 
hydrochloric  acid,  5%  sodium  hydroxide,  water,  and  dried.  The 
solvent  is  removed  under  reduced  pressure  to  yield  20-22  g. 
(89-98%)  of  the  crude  amide,  m.p.  100-110°,  which  is  of  suf¬ 
ficient  purity  for  use  in  the  next  step.  If  desired,  however,  the 
crude  product  may  be  recrystallized  from  95%  ethanol,  m.p. 
115-116°. 

B.  N-Nitroso-N-(2-phenylethyl)benzamide.  A  solution  of  10.4  g. 
(0.046  mole)  of  the  crude  N-(2-phenylethyl)benzamide,  7.36  g. 
(0.09  mole)  of  anhydrous  sodium  acetate,  and  50  ml.  of  glacial 
acetic  acid  is  placed  in  a  250-ml.  Erlenmeyer  flask  equipped  with 
a  drying  tube,  and  the  mixture  is  cooled  to  the  crystallization 
point  of  the  acetic  acid  (Note  1).  A  solution  of  dinitrogen 
tetroxide  (Notes  2,  3)  in  glacial  acetic  acid  (85  ml.  of  a  solution 
approximately  1 M  in  N2O4)  is  then  added  with  stirring.  The 
reaction  mixture  is  allowed  to  warm  to  about  15°  (15  minutes), 
and  then  it  is  poured  into  a  mixture  of  ice  and  water.  The 
yellow  solid  nitroso  derivative  is  dissolved  in  75  ml.  of  carbon 
tetrachloride,  and  this  solution  is  washed  with  5%  sodium 
bicarbonate,  water,  and  dried.  The  solution  is  used  directly  in 
the  next  step. 

If  the  nitroso  derivative  is  desired,  the  yellow  solid  is  separated 
by  filtration,  washed  with  water,  5%  sodium  bicarbonate  solu¬ 
tion,  water,  and  dried  under  reduced  pressure  at  room  temper¬ 
ature.  The  solid  is  recrystallized  from  ether  to  give  yellow  needles 
of  pure  nitrosoamide;  yield  7.5  g.  (64%),  m.p.  57-58°  (dec.). 

C.  2-Phenylethyl  benzoate.  The  carbon  tetrachloride  solution 
of  N-nitroso-N-(2-phenylethyl)benzamide  (Note  4)  and  0.1  g.  of 
sodium  carbonate  (Note  5)  are  placed  in  a  200-ml.  round- 
bottomed  flask  equipped  with  a  condenser,  and  the  mixture  is 
heated  under  reflux  for  24  hours.  The  evolution  of  nitrogen 
ceases,  and  the  yellow  color  of  the  nitrosoamide  disappears  near 
the  end  of  this  period.  The  solution  is  washed  with  5%  sodium 
hydroxide  solution,  water,  and  dried.  The  solvent  is  removed 
under  reduced  pressure  and  the  2-phenylethyl  benzoate  distilled; 
b.p.  138-142°  (1  mm.),  yield  5.8-6.1  g.  [56-59%  based  on 
N-(2-phenylethyl)benzamide]. 
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2.  Notes 

1.  Carbon  tetrachloride,  methylene  chloride,  and  other  sol¬ 
vents  may  be  used  in  this  reaction.  In  these  cases  it  is  profitable 
to  cool  the  reaction  mixture  to  —40°  or  lower  and  then  allow  the 
mixture  to  warm  to  10°  after  the  dinitrogen  tetroxide  has  been 
added. 

2.  Dinitrogen  tetroxide  (nitrogen  dioxide)  is  available  from  the 
Matheson  Company,  Inc.,  East  Rutherford,  New  Jersey. 

3.  Dinitrogen  tetroxide  is  a  poisonous  gas  and  should  only  be 
handled  in  a  well-ventilated  hood.  The  boiling  point  of  dinitro¬ 
gen  tetroxide  is  21°,  and  it  is  convenient  to  condense  a  given 
volume  (or  weight,  density  =1.5  g./ml.  at  0°)  from  a  cylinder 
of  dinitrogen  tetroxide  and  to  pour  the  liquid  into  the  required 
amount  of  solvent,  or  into  the  reaction  mixture  directly  at 
temperatures  below  ca.  —20°.  Impure  dinitrogen  tetroxide, 
which  is  green  because  of  the  presence  of  lower  oxides  of  nitrogen, 
may  also  be  used. 

4.  Any  nonreactme  solvent  may  be  used,  but  excessive 
temperatures  favor  the  concurrent  elimination  reaction. 

5.  The  sodium  carbonate  may  be  omitted  if  it  is  desired  to 
titrate  the  acid  formed  in  the  reaction.  The  carbonate  prevents 
denitrosation  (observed  in  a  few  cases). 

3.  Methods  of  Preparation 

The  nitrosation  of  amides  may  also  be  carried  out  with 
nitrosyl  chloride.2  Related  methods  of  deamination  of  aliphatic 
amines  are  the  triazene  3  and  nitrous  acid  methods.4 

4.  Merits  of  the  Preparation 

Dinitrogen  tetroxide  is  the  most  versatile  of  the  nitrosating 
reagents  and,  in  addition,  it  is  readily  available.  The  nitro- 
soamide  method  of  deamination  gives  far  superior  yields  and 
much  less  skeletal  isomerization  than  the  nitrous  acid  method 
(which  is  essentially  limited  to  aqueous  media),  and  it  leads  to  a 
greater  retention  of  optical  activity  than  the  triazene  method.3 
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In  general,  the  nitrosoamide  decomposition  proceeds  with 
retention  of  configuration.5’ 6 

The  method  outlined  here  works  well  for  amides  of  primary 
carbinamines.  For  amides  of  secondary  carbinamines,  lower 
temperatures  must  be  used,  and  solvents  such  as  methylene 
chloride  are  used  in  place  of  the  acetic  acid  (the  amide  need  not 
be  completely  soluble  in  the  solvent);  the  procedure  of  White 
and  Aufdermarsh 5  used  for  a  trimethylacetamide  is  recom¬ 
mended  in  such  a  case.  Nitrosoamides  of  tertiary  carbinamines 
are  very  unstable,  and  the  “salt  method”  of  preparation  is 
suggested  for  these  compounds.6 

1.  Department  of  Chemistry,  The  Johns  Hopkins  University,  Baltimore,  Maryland 
21218. 

2.  H.  France,  I.  M.  Heilbron,  and  D.  H.  Hey,  J.  Chern.  Soc.,  369  (1940). 

3.  E.  H.  White  and  H.  Scherrer,  Tetrahedron  Letters,  758  (1961). 

4.  F.  C.  Whitmore  and  D.  P.  Langlois,  J.  Am.  Chem.  Soc.,  54,  3441  (1932). 

5.  E.  H.  White  and  C.  A.  Aufdermarsh,  Jr.,  J.  Am.  Chem.  Soc.,  83,  1174  (1961). 

6.  E.  H.  White  and  J.  E.  Stuber,  J.  Am.  Chem.  Soc.,  85,  2168  (1963). 


DICHLOROMETHYL  METHYL  ETHER 

HCOOCHs  +  PC15  — >  CI2CHOCH3  +  POCI3 

Submitted  by  H.  Gross,  A.  Rieche,  E.  Hoft,  and  E.  Beyer  1 
Checked  by  G.  N.  Taylor  and  K.  B.  Wiberg 

1.  Procedure 

In  a  2-1.  three-necked  flask  equipped  with  a  stirrer,  a  reflux 
condenser,  and  a  dropping  funnel  (Note  1)  832  g.  (4.0  moles)  of 
phosphorus  pentachloride  is  stirred  with  250  ml.  of  phosphorus 
oxychloride  (Note  2).  To  this  is  added  with  stirring  264  g. 
(272  ml.,  4.4  moles)  of  methyl  formate  (Note  3).  During  the 
addition  the  reaction  vessel  is  cooled  in  an  ice  bath  to  maintain  a 
reaction  temperature  of  10-20°.  The  addition  requires  about 
1.75  hours.  When  the  addition  is  complete,  the  solution  is  stirred 
at  a  temperature  under  30°  until  all  the  phosphorus  pentachloride 
has  dissolved  (about  1  hour).  Then  the  stirrer  is  removed,  the 
reflux  condenser  is  replaced  by  a  distilling  head,  and  the  reaction 
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mixture  is  distilled  under  a  pressure  of  80-120  mm.  with  a  bath 
temperature  of  50-65°  (Note  4).  During  the  distillation  the 
receiver  is  cooled  to  —10°  to  —20°  by  an  ice-salt  bath. 

The  material  which  is  collected  is  redistilled  through  a  90-cm. 
vacuum-jacketed  column  packed  with  glass  beads  (5  mm.)  using 
a  1:10  reflux  ratio.  The  fraction,  b.p.  80-100°,  is  redistilled 
through  the  same  column  to  give  353-386  g.  (77-84%)  of  di- 
chloromethyl  methyl  ether,  b.p.  82-85.5°,  w20d  1.4303  (Note  5). 

2.  Notes 

1.  The  reflux  condenser  and  dropping  funnel  must  be  provided 
with  calcium  chloride  tubes. 

2.  Phosphorus  oxychloride  serves  only  as  a  suspension  medium 
for  phosphorus  pentachloride  and  makes  possible  a  homogeneous 
reaction.  The  phosphorus  oxychloride  obtained  during  workup 
may  be  recycled  in  this  preparation. 

3.  Commercial  methyl  formate  was  dried  over  sodium  sulfate 
and  used  without  special  purification. 

4.  If  it  is  not  first  distilled  under  reduced  pressure,  extensive 
decomposition  will  occur  during  fractional  distillation. 

5.  The  product  must  be  protected  from  moisture  when  stored. 

3.  Methods  of  Preparation 

Dichloromethyl  methyl  ether  has  been  prepared  by  the 
chlorination  of  chlorodimethyl  ether  in  the  liquid 2-4  or  gas 
phase,6  by  the  reaction  of  chlorodimethyl  ether  with  sulfuryl 
chloride  and  benzoyl  peroxide,6, 7  and  by  the  treatment  of 
methyl  formate  with  phosphorus  pentachloride.8-10 

4.  Merits  of  the  Preparation 

Dichloromethyl  methyl  ether  may  be  employed  preparatively 
in  various  ways.  Thus  it  effects  the  replacement  of  carbonyl  and 
hydroxyl  oxygens  by  chlorine,11  and  may  be  used  in  the  prepara¬ 
tion  of  a-acetochlorosugars  12  and  acid  chlorides,  particularly 
those  derived  from  acetylated  monocarboxylic  acid  sugars  12,  13 
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and  acetylated  amino  acids.14  In  addition,  the  ortho  derivatives 
of  formic  acid  may  be  prepared  from  dichloromethyl  methyl 
ether.15  With  aromatic  compounds,  dichloromethyl  methyl  ether 
reacts  under  Friedel-Crafts  conditions  followed  by  hydrolysis  to 
give  the  corresponding  aromatic  aldehydes.10’  16’  17 

1.  Institute  for  Organic  Chemistry  of  the  German  Academy  of  Sciences  at  Berlin, 
Berlin-Adlershof,  Germany. 

2.  P.  L.  Salzberg  and  J.  H.  Werntz,  U.S.  Patent  2,065,400  (1936)  [C.A.,  31 
1046  (1937)]. 

3.  L.  R.  Evans  and  R.  A.  Gray,  J.  Org.  Chem.,  23,  745  (1958). 

4.  A.  Rieche  and  H.  Gross,  Chem.  Tech.  (Berlin),  10,  515  (1958). 

5.  H.  Gross,  Chem.  Tech.  {Berlin),  10,  659  (1958). 

6.  H.  Bohme  and  A.  Dorries,  Ber.,  89,  723  (1956). 

7.  H.  Laato,  Suomen  Kemistilehti,  35B,  90  (1962). 

8.  H.  Laato,  Suomen  Kemistilehti,  32B,  67  (1959). 

9.  H.  Gross,  A.  Rieche,  and  E.  Hoft,  Ber.,  94,  544  (1961). 

10.  A.  Rieche,  H.  Gross,  and  E.  Hoft,  Ber.,  93,  88  (1960). 

11.  A.  Rieche  and  H.  Gross,  Ber.,  92,  83  (1959). 

12.  H.  Gross  and  I.  Farkas,  Ber.,  93,  95  (1960). 

13.  R.  Bognar,  I.  Farkas,  I.  F.  Szabo,  and  G.  D.  Szabo,  Ber.,  96,  689  (1963). 

14.  K.  Poduska  and  H.  Gross,  Ber.,  94,  527  (1961). 

15.  H.  Gross  and  A.  Rieche,  Ber.,  94,  538  (1961). 

16.  H.  Gross,  A.  Rieche,  and  G.  Matthey,  Ber.,  96,  308  (1963). 

17.  A.  Rieche,  H.  Gross,  and  E.  Hoft,  this  volume,  p.  1. 


/3,/3-DIFLUOROSTYRENE 

(l,l-Difluoro-2-phenylethylene) 

C6H5CHO  +  (C6H5)3P  +  ClF2CC02Na  — > 

C6H5CH=CF2  +  C02  +  NaCl  +  (C6H5)3PO 

Submitted  by  Samuel  A.  Fuqua,1  Warren  G.  Duncan,2 
and  Robert  M.  Silverstein  2 
Checked  by  John  J.  Miller,  Herbert  Aschkenasy, 
and  William  D.  Emmons 


1.  Procedure 

In  a  250-ml.  two-necked  flask  fitted  with  a  reflux  condenser, 
a  drying  tube,  a  magnetic  stirrer,  and  a  heated  dropping  funnel 
with  a  pressure-equalizing  side  arm  (Note  1)  are  placed  23.1  g. 
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(0.088  mole)  of  triphenylphosphine,  8.5  (0.081  mole)  of 

benzaldehyde,  and  10  ml.  of  anhydrous  2;2'-dimethoxydiethyl 
ether  (diglyme)  (Note  2).  A  solution  of  18.3  g.  (0.12  mole)  of 
dry  sodium  chlorodifluoroacetate  (Note  3)  is  prepared  by  stirring 
the  finely  divided  salt  in  50  ml.  of  anhydrous  diglyme  at  70°  for 
about  5  minutes.  This  warm  solution  is  placed  in  the  dropping 
funnel  which  is  heated  to  60°.  The  system  is  purged  with  dry 
nitrogen.  The  solution  in  the  flask  is  stirred  and  heated  in  an 
oil  bath  held  at  160°,  while  the  contents  of  the  dropping  funnel 
are  added  dropwise  over  a  period  of  1.5-2  hours  (Note  4).  The 
diglyme  and  product  are  flash-distilled  at  1  mm.  and  a  bath 
temperature  of  100°  into  a  receiver  cooled  with  dry  ice.  The 
distillate  is  fractionated  through  a  spinning-band  column 
(18  in.  X  6  mm.  I.D.);  the  yield  of  product  collected  at  a  head 
temperature  of  52-54°  (40  mm.)  is  7. 6-8. 9  g.  (67-79%)  (Note  5), 
n20 d  1.4939  (Note  6). 


2.  Notes 

1 .  All  glassware  is  oven-dried.  The  dropping  funnel  is  wrapped 
with  heating  tape,  and  a  thermometer  is  inserted  between  the 
funnel  and  the  tape. 

2.  Triphenylphosphine  is  available  from  M  and  T  Chemicals, 
Inc.  Benzaldehyde  is  distilled  immediately  before  use.  Diglyme 
is  refluxed  for  4  hours  over  calcium  hydride  and  distilled  under 
reduced  pressure. 

3.  Sodium  chlorodifluoroacetate  is  prepared  from  chlorodi- 
fluoroacetic  acid  (K  &  K  Laboratories)  as  follows:  To  a  cooled, 
stirred  solution  of  60.7  g.  (1.52  moles)  of  sodium  hydroxide  in 
700  ml.  of  methanol  is  slowly  added  a  solution  of  198  g.  (1.52 
moles)  of  chlorodifluoroacetic  acid  in  300  ml.  of  methanol,  the 
temperature  being  kept  below  40°.  The  methanol  is  removed 
under  reduced  pressure  at  40°.  The  salt,  which  is  pulverized 
and  dried  overnight  at  room  temperature  at  1  mm.,  is  obtained 
in  essentially  quantitative  yield.  The  salt  is  again  dried  in  the 
same  way  immediately  before  use. 

4.  During  the  development  of  this  procedure,  evolution  of 
carbon  dioxide  was  monitored  with  a  wet-test  meter.  At  the 
bath  temperature  given  (160°),  sodium  chlorodifluoroacetate 
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eliminates  carbon  dioxide  as  rapidly  as  it  is  added  over  a  period 
of  1.5-2  hours.  If  the  bath  temperature  is  allowed  to  drop,  there 
is  danger  of  buildup  of  sodium  chlorodifluoroacetate  followed  by 
violent  exothermic  decomposition.  Addition  of  the  sodium 
chlorodifluoroacetate  solution  should  not  be  started  until  the 
flask  contents  are  equilibrated  with  the  oil  bath. 

It  is  quite  feasible  to  run  the  reaction  at  a  bath  temperature  of 
90-95°  by  adding  all  reagents  to  the  flask  initially;  a  quantitative 
evolution  of  carbon  dioxide  occurs  over  a  period  of  about  18  hours. 
The  reaction  can  also  be  carried  out  in  refluxing  1,2-dimethoxy- 
ethane  (Arapahoe  Chemicals,  Inc.)  over  a  period  of  about  50 
hours  (yield  40-55%),  or  in  triethylene  glycol  dimethyl  ether 
(Ansul  Chemical  Company)  at  a  bath  temperature  of  160°  over 
a  period  of  2  hours  (yield  64%). 

5.  The  distilled  product  gave  a  single  symmetrical  peak  on 
gas  chromatography  under  the  following  conditions:  25%  LAC 
on  Chromosorb  W,  6  ft.  X  i  in.,  110°,  helium  flow  41  ml. /min., 
elution  time  14.2  minutes.  The  checkers  used  LB  5-50  on  Fluoro- 
pak  80  and  obtained  a  single  peak.  Gas  chromatography  of  the 
flash  distillate  before  fractionation  showed  an  actual  yield  of 
10.6  g.  (95%).  The  product  fumes  in  moist  air,  and  some 
etching  of  glass  containers  was  noted.  This  is  presumably  due  to 
elimination  of  hydrogen  fluoride.  Samples  in  open  glass  contain¬ 
ers  deposit  a  small  amount  of  solid  on  standing;  the  solid  is 
probably  a  product  of  the  glass-hydrogen  fluoride  reaction. 

6.  Care  must  be  taken  to  clean  and  dry  the  refractometer 
prisms  before  and  after  use  in  order  to  prevent  etching  of  the 
prisms. 


3.  Methods  of  Preparation 

The  literature  preparation  3  of  /3,  /3-difluorostyrene  consists  of 
seven  steps  from  sodium  difluoroacetate,  the  last  step  involving 
pyrolysis  at  600°;  the  overall  yield  was  5%. 

4.  Merits  of  the  Preparation 

The  method  described  is  a  general  synthesis  for  compounds  con¬ 
taining  the  — CH=CF2  moiety.  There  is  no  other  simple  general 
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route  to  such  compounds.  Aromatic,  aliphatic,  and  heterocyclic 
aldehydes  to  which  this  procedure  has  been  applied  are:  ^-fluoro- 
benzaldehyde  (65%),  ^-methoxybenzaldehyde  (60%),  heptanal 
(43-51%),  and  furfural  (75 %).4  The  method  is  also  applicable 
to  ketones.5 

1.  Deceased. 

2.  Stanford  Research  Institute,  Menlo  Park,  California. 

3.  M.  Prober,  /.  Am.  Chem.  Soc.,  75,  968  (1953). 

4.  S.  A.  Fuqua,  W.  G.  Duncan,  and  R.  M.  Silverstein, /.  Org.  Chem.,  30, 1027  (1965). 

5.  S.  A.  Fuqua,  W.  G.  Duncan,  and  R.  M.  Silverstein, /.  Org.  Chem.,  30,  2543  (1965). 


6-(DIMETHYLAMINO)FULVENE 


o 

(CH3)2NCH  +  (CH30)2S02 


H3a  +  /H 

^  ^N=cC  CH30S03 

HsC^  OCH3 


c5R5Na,  +  CH30S03Na  +  CH3OH 

U^/  ^N(CH3)2 

Submitted  by  K.  Hafner,  K.  H.  Vopel,  G.  Ploss, 
and  C.  Konig  1 

Checked  by  S.  S.  Olin  and  Ronald  Breslow 


1.  Procedure 

A.  N ,N -Dimethylj ormamide-dimethyl  sulfate  complex.  In  a 
500-ml.  four-necked  flask  equipped  with  mechanical  stirrer, 
reflux  condenser  with  calcium  chloride  drying  tube,  dropping 
funnel,  and  thermometer  is  placed  73  g.  (1.0  mole)  of  dimethyl- 
formamide,  and  126  g.  (1.0  mole)  of  dimethyl  sulfate  is  added 
dropwise  with  stirring  at  50-60°  (Note  1).  After  the  addition  is 
complete,  the  mixture  is  heated  for  another  2  hours  at  70-80°. 
The  dimethylformamide  complex  forms  as  a  viscous,  colorless  or 
pale  yellow  ether-insoluble  oil. 

B.  6-{Dimethylamino)fulvene.  A  1-1.  four-necked  flask  is 
equipped  with  mechanical  stirrer,  dropping  funnel  with  calcium 
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chloride  drying  tube,  thermometer,  and  nitrogen  delivery  ap¬ 
paratus  (Note  2).  The  flask  is  flushed  with  dry  nitrogen,  and  in 
it  is  placed  1.0  mole  of  cyclopentadienylsodium  2  in  700  ml.  of 
tetrahydrofuran  (Note  3).  The  dimethylformamide-dimethyl 
sulfate  complex  prepared  above  is  transferred  to  the  dropping 
funnel  and  added  slowly  with  stirring  under  nitrogen  to  the 
cyclopentadienylsodium  at  -10°  (ice-salt  bath).  During  the 
addition  the  temperature  is  kept  below  —5°.  After  the  addition 
is  complete,  the  mixture  is  stirred  at  20°  for  2  hours.  The 
solution  is  filtered  (with  suction)  from  the  precipitated  sodium 
methyl  sulfate,  which  is  washed  with  another  200  ml.  of  tetra¬ 
hydrofuran,  and  the  combined  tetrahydrofuran  solutions  are 
concentrated  under  reduced  pressure.  The  residue  is  a  dark 
brown  oil  which  solidifies  on  cooling. 

The  crude  product  is  crystallized  after  treatment  with  acti¬ 
vated  carbon  from  ca.  1.5  1.  of  petroleum  ether  (b.p.  60-80°)  or 
800  ml.  of  cyclohexane.  From  the  orange-yellow  solution  84  g. 
(69%)  of  6-(dimethylamino)fulvene  separates  in  yellow  leaflets, 
m.p.  67-68°  (Note  4).  Concentration  of  the  filtrate  and  further 
recrystallization  of  the  residue  from  petroleum  ether  or  cyclo¬ 
hexane  gives  an  additional  8  g.  of  product.  The  combined  yield 
is  92  g.  (76%). 


2.  Notes 

1.  Dimethylformamide  and  dimethyl  sulfate  must  be  purified 
by  distillation  in  the  absence  of  moisture. 

2.  The  nitrogen  delivery  apparatus  has  been  completely 
described.2 

3.  Air  and  moisture  must  be  carefully  excluded  from  the 
reactants  during  the  course  of  this  preparation. 

4.  6-(Dimethylamino)fulvene  is  light-sensitive  and  is  stored  in 
brown  bottles. 


3.  Methods  of  Preparation 

N,N-Dimethylaminoethoxymethylium  fluoborate  3  can  be  used 
instead  of  N,N-dimethylaminomethoxymethylium  methyl  sul- 
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fate  4  to  prepare  6-(dimethylamino)fulvene(.5  The  same  fulvene 
is  also  obtained  from  the  condensation  of  cyclopentadiene  with 
diethoxy(dimethylamino)methane.6 

4.  Merits  of  the  Preparation 

This  procedure  illustrates  formylation  by  N,N-dimethylamino- 
methoxymethylium  methyl  sulfate,  a  compound  which  can  be 
produced  readily  by  reaction  of  easily  available  materials. 
6-(Dimethylamino)fulvene  is  a  useful  intermediate  for  the 
synthesis  of  various  f used-ring  nonbenzenoid  aromatic  compounds. 

1.  Institute  for  Organic  Chemistry,  University  of  Munich,  Munich,  Germany. 

2.  K.  Hafner  and  H.  Kaiser,  Org.  Syntheses,  44,  94  (1964). 

3.  H.  Meerwein,  P.  Borner,  O.  Fuchs,  H.  J.  Sasse,  H.  Schrodt,  and  J.  Spille,  Ber., 
89,  2060  (1956). 

4.  H.  Bredereck,  F.  Effenberger,  and  G.  Simchen,  Ber.,  96,  1350  (1963). 

5.  K.  Hafner,  K.  H.  Vopel,  G.  Ploss,  and  C.  Konig,  Ann.,  661,  52  (1963). 

6.  H.  Meerwein,  W.  Florian,  N.  Schon,  and  G.  Stopp,  Ann.,  641,  1  (1961). 


2, 6-DIMETHYL-3, 5-DIPHENYL -4H-PYRAN-4-ONE 
(4H-Pyran-4-one,  2,6-dimethyl-3, 5-diphenyl-) 


C6H5CH2COCH2C6H5  +  2CH3COOH 


Polyphosphoric  acid 


o  t 

+  3  H2O 

HgC'^O^UHa 

Submitted  by  Thomas  L.  Emmick  and  Robert  L.  Letsinger  1 
Checked  by  Donald  J.  MacGregor  and  Peter  Yates 


1.  Procedure 

A  mixture  of  400  g.  of  polyphosphoric  acid  and  250  ml.  of 
glacial  acetic  acid  is  heated  to  reflux  in  a  2-1.  round-bottomed 
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flask  equipped  with  a  stirrer,  reflux  condenser,  and  thermometer. 
Dibenzyl  ketone  (42.0  g.,  0.200  mole)  (Note  1)  is  then  added,  and 
the  reaction  mixture  is  heated  at  reflux  (130-135°)  for  1.5  hours. 
The  solution  is  cooled  to  30°  in  an  ice  water  bath,  and  1  1.  of 
water  is  added  slowly  with  stirring.  The  brown  precipitate  which 
forms  is  collected  by  filtration,  washed  with  1  1.  of  water,  and 
dissolved  in  1  1.  of  hot  benzene.  The  hot  benzene  solution  is 
treated  with  2  g.  of  activated  carbon,  filtered  hot  through  a  pad 
of  diatomaceous  earth,  dried  with  10  g.  of  magnesium  sulfate, 
decanted  from  the  magnesium  sulfate,  and  concentrated  to 
500  ml.  On  addition  of  450  ml.  of  hexane  and  cooling  to  5-10°, 
tan  crystals  of  the  crude  pyranone  separate.  Filtration  affords 
25-27  g.  (45-49%)  of  product  melting  at  202-206°.  For  puri¬ 
fication  this  material  is  dissolved  in  500  ml.  of  hot  benzene, 
treated  with  1  g.  of  activated  carbon  as  before,  and  precipitated 
from  solution  by  the  addition  of  250  ml.  of  hexane  and  cooling  of 
the  mixture  to  5-10°.  On  filtration  19-21  g.  (34-38%)  of  2,6- 
dimethyl-3,5-diphenyl-45'-pyran-4-one  is  obtained.  This  ma¬ 
terial  melts  sharply  at  207-209°  (Note  2).  An  additional 
quantity  (3-4  g.,  5-7%)  of  somewhat  less  pure  product  (m.p. 
204-206°)  may  be  recovered  by  evaporation  of  the  filtrate  and 
recrystallization  of  the  residue  from  200  ml.  of  benzene-hexane 
(50%  benzene  by  volume). 


2.  Notes 

1.  For  this  preparation  Matheson,  Coleman  and  Bell  practical 
grade  dibenzyl  ketone  was  recrystallized  once  from  anhydrous 
ether  at  —70°.  It  melted  at  33-34°.  Practical  grade  dibenzyl 
ketone  may  be  used  directly;  however,  the  yield  of  the  pyranone 
is  somewhat  lower. 

2.  The  corrected  melting  point  is  209.5-210.0°.  Melting 
points  were  obtained  with  a  Fisher-Johns  apparatus.  The 
recrystallized  sample  retained  a  pale  tan  shade. 

3.  Methods  of  Preparation 

This  procedure  is  a  modification  of  that  of  Letsinger  and 
Jamison.2  The  pyranone  has  also  been  prepared  by  treatment  of 
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dibenzyl  ketone  with  acetic  anhydride-perchloric  acid  or  acetyl 
chloride-aluminum  chloride.3 

4.  Merits  of  the  Preparation 

This  procedure  represents  a  simple  and  unique  route  to  certain 
pyran-4-ones.  The  reaction  can  be  applied  also  to  benzyl  methyl 
ketone  and  diethyl  ketone;  the  corresponding  pyran-4-ones  are 
obtained  in  yields  of  48%  and  26%,  respectively. 

1.  Northwestern  University,  Evanston,  Illinois. 

2.  R.  L.  Letsinger  and  J.  D.  Jamison,  J.  Am.  Chem.  Soc.,  83,  193  (1961). 

3.  A.  T.  Balaban,  G.  D.  Mateescu,  and  C.  D.  Nenitzescu,  Acad.  Rep.  Populace 
Romine,  Studii  Cercetari  Chim.,  9,  211  (1961)  [C.A.,  57,  15065  (1962)]. 


3,5-DINITRO-o-TOLUNITRILE 
(Benzonitrile,  2-methyl-3,5-dinitro-) 

HN03  +  HF  +  2BF3  - >-  02N  +  BF4~  +  H20  •  BF3 


202N+BF4" 


Submitted  by  George  A.  Olah  1  and  Stephen  J.  Kuhn  2 
Checked  by  J.  Lazar  and  B.  C.  McKusick 

1.  Procedure 

A.  Nitronium  tetrafluoroborate  ( Note  1).  Caution!  Hydrogen 
fluoride  is  very  hazardous.  Caution  is  also  called  for  in  the  use  of 
boron  trifluoride.  All  operations  must  be  carried  out  in  a  hood ,  and 
the  precautions  outlined  in  Note  2  should  be  followed.  A  1-1.  three¬ 
necked  polyolefin  flask  (Note  3)  is  provided  with  a  short  inlet 
tube  for  nitrogen,  a  long  inlet  tube  for  gaseous  boron  trifluoride, 
a  drying  tube,  and  a  magnetic  stirring  bar  (Note  4).  The  flask 
is  immersed  in  an  ice-salt  bath  and  flushed  with  dry  nitrogen. 
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Under  a  gentle  stream  of  nitrogen  and  with  stirring,  the  flask  is 
charged  with  400  ml.  of  methylene  chloride,  41  ml.  (65.5  g.,  1.00 
mole)  of  red  fuming  nitric  acid  (95%),  and  22  ml.  (22  g.,  1.10 
moles)  of  cold,  liquid,  anhydrous  hydrogen  fluoride  (Note  5). 

Gaseous  boron  trifluoride  (136  g.,  2.00  moles)  from  a  cylinder 
mounted  on  a  scale  is  bubbled  into  the  stirred,  cooled  reaction 
mixture  (Note  6).  The  first  mole  is  passed  in  rather  quickly  (in 
about  10  minutes).  When  approximately  1  mole  has  been 
absorbed,  copious  white  fumes  begin  to  appear  at  the  exit,  and 
the  rate  of  flow  is  diminished  so  that  it  takes  about  1  hour  to  pass 
in  the  second  mole;  even  at  this  slow  rate,  there  is  considerable 
fuming  at  the  exit.  After  all  the  boron  trifluoride  has  been  intro¬ 
duced,  the  mixture  is  allowed  to  stand  in  the  cooling  bath  under 
a  slow  stream  of  nitrogen  for  1.5  hours.  The  mixture  is  swirled, 
and  the  suspended  product  is  separated  from  the  supernatant 
liquid  by  means  of  a  medium -porosity,  sintered-glass  Buchner 
funnel  (Note  7).  The  gooey  solid  remaining  in  the  flask  is  trans¬ 
ferred  to  the  funnel  with  the  aid  of  two  50-ml.  portions  of  nitro- 
methane.  The  solid  on  the  funnel,  nitronium  tetrafluoroborate, 
is  washed  successively  with  two  100-ml.  portions  of  nitromethane 
and  two  100-ml.  portions  of  methylene  chloride.  In  order  to 
protect  the  salt  from  atmospheric  moisture  during  the  washing 
procedure,  suction  is  always  stopped  while  the  salt  is  still  moist. 
The  moist  salt  is  transferred  to  a  round-bottomed  flask  and  dried 
by  evaporating  the  solvent  (Note  8).  At  the  end  of  the  procedure 
the  flask  can  be  gently  heated  to  40-50°  (Note  9).  The  yield  of 
colorless  nitronium  tetrafluoroborate  is  85-106  g.  (64-80%) 
(Notes  10,  11,  12).  It  is  stored  in  a  wide-mouthed  polyolefin 
bottle  with  a  screw  cap.  The  edge  of  the  cap  is  sealed  with 
paraffin  wax  after  it  is  screwed  on. 

B.  3,5-Dinitro-o-tolunitrile.  A  500-ml.  four-necked  flask  is 
equipped  with  a  mechanical  stirrer,  a  dropping  funnel,  a  ther¬ 
mometer,  and  an  inlet  for  dry  nitrogen  (Note  13).  It  is  baked 
thoroughly  by  means  of  a  Bunsen  flame  and  allowed  to  cool  to 
room  temperature  with  a  slow  stream  of  dry  nitrogen  passing 
through  it.  The  flask  is  charged,  preferably  in  a  dry  box,  with 
335  g.  of  tetramethylene  sulfone  (Note  14)  and  73.1  g.  (0.55  mole) 
of  nitronium  tetrafluoroborate.  The  thermometer  is  adjusted  so 


58 


ORGANIC  SYNTHESES,  VOL.  47 


that  the  bulb  is  immersed  in  the  liquid.  The  reaction  mixture  is 
stirred  well  and  kept  at  10-20°  by  means  of  an  ice  bath  while 
58.5  g.  (0.50  mole)  of  freshly  distilled  o-tolunitrile  3  is  added 
dropwise.  The  nitronium  tetrafluoroborate  only  partially  dis¬ 
solves  in  the  tetramethylene  sulfone  (Note  15),  but  through  good 
stirring  a  homogeneous  suspension  can  be  obtained.  As  the  dis¬ 
solved  nitronium  salt  reacts  with  the  nitrile,  more  and  more  salt 
dissolves  until  all  of  it  is  in  solution.  The  addition  of  o-tolunitrile 
requires  25-35  minutes. 

After  the  addition  is  complete,  the  cooling  bath  is  removed  and 
stirring  is  continued  for  15  minutes  at  35°.  The  dropping  funnel 
is  removed,  74.5  g.  (0.56  mole)  of  nitronium  tetrafluoroborate  is 
added,  and  the  opening  of  the  flask  is  closed  with  a  glass  stopper. 
The  well-stirred  reaction  mixture  is  heated  by  an  electric  heating 
mantle  to  100°  in  15  minutes  and  kept  at  100-115°  for  1  hour. 
The  reaction  mixture  is  allowed  to  cool  to  room  temperature 
with  continued  stirring  and  is  then  poured  into  800  g.  of  ice 
water.  Crude  3,5-dinitro-o-tolunitrile  separates  on  top  of 
the  aqueous  mixture  as  a  dark  oil  that  solidifies  after  standing 
a  few  minutes.  The  solid  is  collected  on  a  Buchner  funnel. 
It  is  triturated  on  the  funnel  with  five  50-ml.  portions  of  cold 
water  and  with  40  ml.  of  ice-cold  ethanol.  After  being  dried 
in  a  vacuum  desiccator,  the  crude  nitrile  weighs  75-84  g., 
m.p.  60-65°.  Recrystallization  from  about  110  ml.  of  hot  meth¬ 
anol  gives  50-55  g.  (48-53%)  of  3,5-dinitro-o-tolunitrile,  m.p. 
82-84°  (Note  16). 


2.  Notes 

1.  Nitronium  tetrafluoroborate  is  commercially  available  from 
the  Ozark-Mahoning  Co.,  Tulsa,  Oklahoma. 

2.  Because  of  the  hazardous  nature  of  anhydrous  hydrogen 
fluoride ,  adequate  precautions  should  he  taken  to  protect  the  head, 
eyes,  and  skin.  Rubber  gloves,  an  apron,  and  a  plastic  face  mask 
are  strongly  recommended.  All  operations  should  be  carried  out 
in  a  hood.  If  hydrogen  fluoride  comes  in  contact  with  the  skin, 
the  contacted  area  should  be  thoroughly  washed  with  water  and 
then  immersed  in  ice  water  while  the  patient  is  taken  to  a  physi- 
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cian.  After  completion  of  the  reaction,  all  equipment  should  be 
washed  with  liberal  quantities  of  water.  Note!  Burns  caused  by 
hydrogen  fluoride  may  not  be  noticed  for  several  hours,  by  which  time 
serious  tissue  damage  may  have  occurred. 

3.  All  operations  involving  liquid  hydrogen  fluoride  must  be 
carried  out  with  equipment  resisting  hydrogen  fluoride  (fused 
silica,  polyolefin,  etc.). 

4.  An  egg-shaped  stirrer  seems  to  work  best.  As  the  reaction 
proceeds,  the  precipitating  nitronium  tetrafluoroborate  prevents 
the  stirring  bar  from  operating.  This  is  not  serious  if  the  reaction 
mixture  is  shaken  occasionally. 

5.  It  is  convenient  to  condense  anhydrous  hydrogen  fluoride, 
b.p.  19.5°,  from  a  cylinder  into  a  small  calibrated  polyolefin  flask 
immersed  in  a  mixture  of  dry  ice  and  acetone.  As  hydrogen 
fluoride  is  very  hygroscopic,  it  should  be  carefully  protected  from 
atmospheric  moisture,  preferably  by  maintaining  an  atmosphere 
of  dry  nitrogen  over  it,  otherwise  by  means  of  a  drying  tube. 
The  hydrogen  fluoride  is  then  simply  poured  into  the  reaction 
flask. 

6.  The  temperature  of  the  reaction  is  not  critical,  but  the 
reaction  is  slower  at  higher  temperatures  because  of  the  lower 
solubility  of  boron  trifluoride  in  the  solvent. 

7.  Since  free  hydrogen  fluoride  is  no  longer  present,  filtration 
can  be  carried  out  with  glass  or  porcelain  equipment.  However, 
commercially  available  polyolefin  Buchner  funnels  and  filter 
flasks  are  preferred. 

8.  Kel-F  grease  is  recommended  for  ground-glass  joints. 
Nitronium  tetrafluoroborate  slowly  attacks  silicone  stopcock 
grease,  causing  air  to  enter  the  flask. 

9.  Nitronium  tetrafluoroborate  is  thermally  stable  up  to  170°. 
Above  this  temperature  it  starts  to  dissociate  into  nitryl  fluoride 
and  boron  trifluoride. 

10.  Nitronium  tetrafluoroborate  is  very  hygroscopic.  It  is 
stable  as  long  as  it  is  anhydrous,  but  it  is  decomposed  by  moisture, 
and  all  transfers  should  be  in  a  dry  box.  Its  purity  can  be  checked 
by  conventional  elemental  analysis.  However,  because  of  the 
hygroscopic  nature  of  the  salt,  the  submitters  have  found  it  con¬ 
venient  to  use  neutron  activation  analysis  (B,  F,  N,  0)  of  samples 
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sealed  into  polyolefin  sample  holders.  Lange’s  method  4  for  the 
determination  of  BF4-  as  the  nitron  salt  gives  good  results  but 
requires  considerable  care  to  achieve  reproducibility. 

11.  The  last  part  of  the  procedure  can  be  used  to  purify 
nitronium  tetrafluoroborate  that  has  picked  up  water  on  stand¬ 
ing.  The  impure  salt  is  washed  twice  with  nitromethane,  twice 
with  methylene  chloride,  and  is  dried  under  reduced  pressure. 

12.  Nitronium  tetrafluoroborate  slowly  attacks  polyethylene 
and  polypropylene,  but  apparatus  made  of  these  materials  will 
last  for  several  preparations  of  the  salt. 

13.  The  entire  operation  should  be  carried  out  in  an  atmosphere 
of  dry  nitrogen.  If  dry  nitrogen  is  not  available,  rigorously 
anhydrous  conditions  should  be  maintained  with  the  help  of  a 
drying  tube. 

14.  Tetramethylene  sulfone  is  commercially  available  from 
the  Shell  Chemical  Company  and  the  Phillips  Petroleum  Com¬ 
pany. 

15.  A  saturated  solution  at  25°  contains  7  g.  of  nitronium 
tetrafluoroborate  per  100  g.  of  tetramethylene  sulfone. 

16.  This  is  pure  enough  for  most  purposes.  An  analytical 
sample  melted  at  86.5-88.4°. 

3.  Methods  of  Preparation 

Nitronium  tetrafluoroborate  has  been  prepared  by  interaction 
of  nitric  acid,  hydrogen  fluoride,  and  boron  fluoride  in  nitro¬ 
methane.5  However,  mixtures  of  nitric  acid  and  nitromethane 
are  extremely  explosive.6' 7  The  present  modification  of  the 
procedure,  in  which  the  medium  is  methylene  chloride  instead  of 
nitromethane,  was  developed  to  avoid  this  hazard.  It  has  not 
been  published  before. 

The  preparation  of  3,5-dinitro-u-tolunitrile  is  based  on  previ¬ 
ously  published  work.8  The  nitration  of  o-tolunitrile  using  fuming 
nitric  acid  has  been  reported  by  Candea  and  Macovski.9 

4.  Merits  of  the  Preparation 

Nitration  of  aromatic  rings  by  nitronium  tetrafluoroborate  is 
a  general  method.  Fifty-seven  arenes,  haloarenes,  nitroarenes, 
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arenecarboxylic  esters,  arenecarbonyl  halides,  and  arenecar- 
bonitriles  have  been  nitrated  in  high  yield  by  this  reagent.8 
The  method  is  particularly  convenient  for  nitrating  aromatic 
compounds  susceptible  to  acid-catalyzed  hydrolysis.  For  exam¬ 
ple,  although  mononitration  of  arenecarbonitriles  is  easily  accom¬ 
plished  by  conventional  nitrating  agents,  dinitration  is  not.  The 
reason  is  that  the  forcing  conditions  required  for  dinitration 
(strongly  acid  media  and  higher  temperatures)  bring  about 
hydrolysis  (and  oxidation)  of  the  nitrile  group.  In  contrast, 
nitrations  with  nitronium  tetrafluoroborate  can  be  carried  out 
in  nonaqueous  acid-free  systems,  where  the  only  acid  originates 
from  proton  elimination  during  nitration.  In  the  basic  solvent 
used,  this  acid  concentration  generally  is  not  sufficient  to  cause 
any  detectable  hydrolysis  (or  oxidation). 
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3.  H.  T.  Clarke  and  R.  R.  Read,  Org.  Syntheses,  Coll.  Vol.  1,  514  (1941). 

4.  W.  Lange,  Ber.,  59,  2107,  2432  (1926). 

5.  S.  J.  Kuhn,  Can.  J.  Chem.,  40,  1660  (1962). 

6.  D.  W.  Coillet  and  S.  D.  Hamann,  Trans.  Faraday  Soc.,  57,  2232  (1961). 

7.  J.  A.  Herickes,  J.  Ribovich,  G.  H.  Damon,  and  R.  W.  Van  Dolah,  “Shock- 
Sensitivity  Studies  of  Liquid  Systems,”  Preprint,  Second  Conference  on  Explo¬ 
sives  Sensitivity,  Washington,  D.  C.,  September  16-17,  1957. 

8.  S.  J.  Kuhn  and  G.  A.  Olah,  J.  Am.  Chem.  Soc.,  83,  4564  (1961);  G.  A.  Olah, 
S.  Kuhn,  and  A.  Mlinko,  J.  Chem.  Soc.,  4257  (1956). 

9.  C.  Candea  and  E.  Macovski,  Bull.  Soc.  Chim.  France,  [5]  5,  1350  (1938). 


62 


ORGANIC  SYNTHESES,  VOL.  47 


DIPHENYLCYCLOPROPEN  ONE 

C6H5CH2  COCH2C6H5  +  2  Br2 - >-  CeHsCHBrCOCHBrCeHs  +  2HBr 


(C2HO3N 

C6H5  CHBrCOCHBrC6H5 ^ — > 


O 

Submitted  by  R.  Breslow  and  J.  Posner  1 
Checked  by  E.  J.  Corey  and  M.  F.  Semmelhack 


1.  Procedure 

A.  a,a'-Dibromodibenzyl  ketone.  To  a  solution  of  70  g. 
(0.33  mole)  of  commercial  dibenzyl  ketone  in  250  ml.  of  glacial 
acetic  acid  in  a  2-1.  one-necked  flask  fitted  with  a  magnetic  stirrer 
a  solution  of  110  g.  (0.67  mole)  of  bromine  in  500  ml.  of  acetic 
acid  is  added  through  a  dropping  funnel  over  a  15-minute  period. 
After  addition  is  complete,  the  mixture  is  stirred  for  an  additional 
5  minutes  and  is  then  poured  into  1  1.  of  water.  Solid  sodium 
sulfite  is  added  in  small  portions  until  the  initial  yellow  color  of 
the  solution  is  discharged,  and  the  mixture  is  allowed  to  stand 
for  1  hour.  The  slightly  yellow  dibromoketone  is  then  collected 
by  filtration  and  air-dried.  Recrystallization  from  1  1.  of  ligroin 
yields  97  g.  of  white  needles,  m.p.  79-87°;  an  additional  11  g., 
m.p.  79-83°,  is  obtained  by  concentrating  the  mother  liquors, 
and  the  two  crops  are  combined  (Note  1). 

B.  Diphenylcyclopropenone.  A  solution  of  100  ml.  of  tri- 
ethylamine  (Note  2)  in  250  ml.  of  methylene  chloride  is  magnet¬ 
ically  stirred  in  a  2-1.  one-necked  flask  while  108  g.  (0.29  mole)  of 
the  above  dibromoketone  in  500  ml.  of  methylene  chloride  is 
added  dropwise  over  1  hour.  The  mixture  is  stirred  for  an 
additional  30  minutes  and  then  extracted  with  two  150-ml. 
portions  of  3 A  hydrochloric  acid;  the  aqueous  extracts  are  dis¬ 
carded.  The  red  organic  solution  is  transferred  to  a  2-1.  Erlen- 
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meyer  flask  and  cooled  in  an  ice  bath.  While  this  solution  is 
swirled,  a  cold  solution  of  50  ml.  of  concentrated  sulfuric  acid  in 
25  ml.  of  water  is  slowly  added.  A  slightly  pink  precipitate  of 
diphenylcyclopropenone  bisulfate  gradually  separates  (Note  3). 
This  is  collected  on  a  sintered-glass  funnel  and  washed  with  two 
100-ml.  portions  of  methylene  chloride.  The  solid  is  then  re¬ 
turned  to  the  flask  (Note  4)  along  with  250  ml.  of  methylene 
chloride  and  500  ml.  of  water,  and  5  g.  of  solid  sodium  carbonate 
is  added  in  small  portions.  The  organic  layer  is  collected  and  the 
aqueous  solution  extracted  with  two  150-ml.  portions  of  methyl¬ 
ene  chloride.  The  combined  organic  layers  are  dried  over 
magnesium  sulfate  and  evaporated  to  dryness.  The  impure 
diphenylcyclopropenone  is  recrystallized  by  repeated  extraction 
with  boiling  cyclohexane  (total  1.5  1.),  the  solution  being  decanted 
in  each  case  from  a  reddish  oily  impurity.  On  cooling,  the  solu¬ 
tion  deposits  29  g.  of  white  crystals,  and  an  additional  1  g.  can 
be  obtained  by  concentrating  the  mother  liquors  to  150  ml. 
The  combined  30  g.,  m.p.  119-120°,  represents  an  overall  yield 
of  44%  based  on  dibenzylketone. 

2.  Notes 

1.  Care  should  be  taken  to  prevent  either  the  dibromoketone 
or  the  cyclopropenone  from  coming  into  contact  with  the  skin, 
as  allergic  reactions  have  been  observed  in  several  cases.  The 
use  of  gloves  is  recommended  especially  for  the  bromoketone. 
The  latter  product  has  a  wide  melting  range  because  it  is  a  mix¬ 
ture  of  the  meso-  and  d, /-compounds. 

2.  For  best  results  the  commercial  triethylamine  (Matheson, 
b.p.  89-90°)  should  be  purified  to  remove  primary  and  secondary 
amines  and  water,  either  by  distillation  from  acetic  anhydride 
and  then  from  barium  oxide,  or  by  reaction  with  phenyliso- 
cyanate.2, 3 

3.  If  the  white  solid  fails  to  separate  after  15-30  minutes, 
concentrated  sulfuric  acid  is  added  in  4-ml.  portions  to  the  cooled 
solution  with  swirling  until  the  white  solid  appears. 

4.  Since  some  of  the  white  solid  adheres  to  the  walls  of  the 
flask,  it  is  convenient  to  use  the  same  flask  for  the  neutralization 
after  rinsing  it  with  methylene  chloride. 
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3.  Methods  of  Preparation 

Diphenylcyclopropenone  has  also  been  prepared  by  the  action 
of  phenylchlorocarbene  on  phenylketene  acetal 4  and  by  the 
reaction  of  dihalocarbene  with  diphenylacetylene.5  The  present 
procedure  6  is  the  most  convenient  on  a  preparative  scale. 

4.  Merits  of  the  Preparation 

Diphenylcyclopropenone  is  the  first  stable  molecule  prepared 
which  has  a  carbonyl  group  in  a  three-membered  ring.  In  a  very 
real  sense  the  compound  has  aromatic  character  and  is  fairly 
stable.4  An  interesting  cycloaddition  reaction  of  enamines  with 
diphenylcyclopropenone  has  been  reported.7 

1.  Department  of  Chemistry,  Columbia  University,  New  York,  New  York  10027. 

2.  A.  Weissberger,  “Technique  of  Organic  Chemistry,”  Vol.  VII,  2nd  ed.,  Inter¬ 
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3.  J.  C.  Sauer,  Org.  Syntheses,  Coll.  Vol.  4,  561  (1963). 

4.  R.  Breslow,  R.  Haynie,  and  J.  Mirra,  J.  Am.  Chem.  Soc.,  81,  247  (1959). 

5.  M.  E.  Volpin,  Yu.  D.  Koreshokov,  and  D.  N.  Kursanov,  Izv.  Akad.  Nauk  SSSR, 
560  (1959). 

6.  R.  Breslow,  J.  Posner,  and  A.  Krebs,  J.  Am.  Chem.  Soc.,  85,  234  (1963). 
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1.  Procedure 

Caution!  This  reaction  should  be  carried  out  in  an  explosion- 
proof  room  behind  a  safety  shield  because  it  involves  a  glass  vessel 
under  pressure. 
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Fig.  1.  A,  4-mm.  stopcock;  B,  thickened  for  easy  sealing;  C,  water  inlet;  D, 
water  outlet;  E,  this  seal  can  be  replaced  by  a  ground  glass  joint  for  higher-boiling 
materials  than  butadiene;  F,  filling  level;  G,  the  cooling  water  tube  indicated  by 
the  dotted  lines  will  permit  a  higher  flow  rate  if  shaped  as  an  oval  or  rectangle; 
H,  reaction  well;  I,  lamp  well;  J,  cooling  water  jacket. 

A  reaction  vessel  as  shown  in  Fig.  1  is  made  from  Pyrex  tubing 
(Note  1).  The  vessel  is  evacuated  and  the  stopcock  closed. 
A  500-ml.  round-bottomed,  two-necked  flask  equipped  with  a  gas 
inlet  and  a  cold  finger  condenser  containing  dry  ice  is  charged 
with  1  g.  of  finely  powdered  4,4'-bis(dimethylamino)benzophenone 
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(Michler’s  ketone)  (Notes  2,  3).  A  butadiene  tank  is  connected 
to  the  gas  inlet,  and  about  250  ml.  (160  g.,  3.0  moles)  of  butadiene 
is  collected  in  the  flask  (Note  4).  The  butadiene  is  cooled  to  dry 
ice  temperature.  The  reaction  vessel  is  immersed  to  the  filling 
level  shown  in  Fig.  1  in  a  slurry  of  dry  ice  and  acetone.  A  4-in. 
length  of  Tygon  tubing  is  attached  between  the  inlet  of  the 
reaction  vessel  and  one  neck  of  the  flask  containing  the  butadiene. 
The  other  neck  of  the  flask  is  stoppered,  and  the  flask  is  tipped  to 
fill  the  connecting  tube  and  the  neck  of  the  stopcock  with  buta¬ 
diene.  At  the  same  time  the  stopcock  is  opened.  The  flask  is 
shaken  to  ensure  that  the  suspended  Michler’s  ketone  will  be 
swept  into  the  reaction  vessel  by  the  butadiene.  After  the  vessel 
is  filled  with  butadiene  the  stopcock  is  closed,  the  connecting 
tube  removed,  and  the  vessel  transferred  to  a  Dewar  flask  filled 
with  liquid  nitrogen.  When  the  butadiene  is  frozen,  the  vessel 
is  evacuated  with  a  high-vacuum  pump  and  sealed  off  below  the 
stopcock  with  a  torch  (Note  5).  The  reaction  vessel  is  fitted  with 
cooling  water  hoses  and  a  450-watt  Hanovia  medium-pressure 
mercury  arc  lamp,  and  then  the  butadiene  is  allowed  to  thaw  and 
come  to  room  temperature  (Note  6).  The  mixture  is  irradiated 
for  72  hours,  the  water  jacket  dried,  and  the  vessel  weighed 
{Caution!  Note  6).  The  reaction  vessel  is  then  frozen  in  a 
Dewar  flask  containing  a  dry  ice-acetone  mixture,  and  the  seal 
is  cautiously  broken.  The  cooling  bath  is  removed,  and  the 
reactor  is  allowed  to  come  to  room  temperature.  The  reaction 
mixture  is  removed,  the  vessel  cleaned  (Note  7),  and  weighed 
again  to  determine  the  amount  of  starting  material.  The  re¬ 
action  mixture  is  distilled  and  the  fraction  boiling  between 
109°  and  111°  (uncor.)  is  collected  (Note  8).  The  yield  is  96-104 
g.  (60-65%)  of  99%  pure  (by  gas  chromatography)  trans- 1,2- 
divinylcyclobutane,  n2h d  1.4429-1.4431,  the  impurities  being 
butadiene  and  1,5-cyclooctadiene  (Note  9). 


2.  Notes 

1.  A  reaction  vessel,  as  shown  in  Fig.  1,  is  useful  for  many 
photochemical  reactions  because  virtually  all  the  light  produced 
can  be  captured  by  the  reagents.  It  can  be  constructed  from 
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either  Pyrex  or  quartz  tubing,  depending  on  the  absorption 
spectra  of  the  reagents. 

2.  The  choice  of  a  sensitizer  for  butadiene  dimerization  depends 
on  three  things:  the  energy  of  the  triplet-singlet  transition,  the 
intersystem  crossing  efficiency,  and  the  absorption  spectrum  of 
the  sensitizer.3  Michler’s  ketone  has  a  sufficiently  high  triplet 
energy  to  transfer  energy  at  a  diffusion-controlled  rate  to  both 
cis  and  trans  forms  of  butadiene,  thus  reducing  the  yield  of 
4-vinylcyclohexene  produced.4  Furthermore  it  has  a  high  inter¬ 
system  crossing  efficiency  and  a  high  extinction  coefficient  at 

o 

3660  A,  which  is  the  most  intense  line  from  a  medium-pressure 
mercury  arc  lamp.  For  photochemical  reactions  where  energy 
transfer  is  not  diffusion-controlled,  the  lifetime  of  the  triplet  may 
be  an  important  factor  in  the  choice. 

3.  The  amount  of  sensitizer  is  not  critical  since  only  enough 
is  needed  to  absorb  all  the  light.  One  gram  of  Michler’s  ketone 
will  not  be  totally  dissolved  in  250  ml.  of  butadiene,  but  will  be 
totally  dissolved  after  the  reaction  is  finished.  Michler’s  ketone 
as  obtained  from  Eastman  Organic  Chemicals  was  used  without 
purification. 

4.  1,3-Butadiene  obtained  from  Matheson,  Coleman  and  Bell 
was  used  without  purification. 

5.  The  butadiene  should  not  be  degassed  by  freeze-thaw 
cycles,  because  the  presence  of  a  small  amount  of  oxygen  reduces 
the  amount  of  polymer  formed  on  the  walls  of  the  vessel. 

6.  All  experimental  manipulations  with  the  reaction  vessel 
while  it  is  sealed  and  under  pressure  should  be  carried  out  behind 
a  safety  shield. 

7.  The  polymer  can  be  conveniently  removed  by  filling  the 
flask  two-thirds  full  with  concentrated  nitric  acid  and  warming 
gently  on  a  steam  bath  in  a  hood  behind  a  safety  shield. 

8.  The  cw-l,2-divinylcyclobutane  in  the  reaction  mixture  re¬ 
arranges  rapidly  under  reflux  to  the  higher-boiling  1,5-cyclo- 
octadiene. 

9.  If  cw-l,2-divinylcyclobutane  is  desired,  it  can  be  isolated 
in  7-8%  yield  from  the  reaction  mixture  by  preparative  gas 
chromatography  with  the  Beckman  Megachrom  instrument, 
using  columns  packed  with  Apiezon  J. 
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3.  Methods  of  Preparation 

The  trans  isomer  of  1,2-divinylcyclobutane  may  be  isolated  in 
low  yield  from  the  mixture  formed  by  thermal  dimerization  of 
butadiene.5  The  cis  isomer  has  been  prepared  by  a  sequence 
of  reactions.6 


4.  Merits  of  the  Preparation 

Essentially  the  same  procedure  may  be  used  to  produce  mix¬ 
tures  of  cyclodimers  from  isoprene,4  1,3-cyclopentadiene,4  and 
1,3-cyclohexadiene.7  Separation  of  all  products  is  somewhat 
difficult  in  most  cases  but  has  always  been  possible  by  prepara¬ 
tive  vapor  phase  chromatography.  Despite  the  problems  that 
may  be  involved  in  separation  of  desired  products  in  some 
instances,  photocyclization  frequently  is  the  method  of  choice 
for  preparation  of  1,2-dialkenylcyclobutanes  if  they  can  be  made 
major  products  of  photoreactions.  Starting  materials  are  readily 
available,  and  the  preparations  are  easily  carried  out  on  the 
scale  described.  There  is  little  doubt  that  the  method  is  the  best 
for  preparation  of  /ra»s-l,2-divinylcyclobutane. 

1.  Contribution  No.  3131  from  the  Gates  and  Crellin  Laboratories  of  Chemistry, 
California  Institute  of  Technology,  Pasadena,  California. 

2.  Department  of  Chemistry,  Columbia  University,  New  York,  New  York. 

3.  W.  G.  Herkstroeter,  A.  A.  Lamola,  and  G.  S.  Hammond,  J.  Am.  Chem.  Soc., 
86,  4537  (1964). 

4.  G.  S.  Hammond,  N.  J.  Turro,  and  R.  S.  H.  Liu,  /.  Org.  Chem.,  28,  3297  (1963). 

5.  E.  Vogel,  Ann.,  615,  1  (1958). 

6. \  H.  W.  B.  Reed,  /.  Chem.  Soc.,  685  (1951). 

7.  D.  Valentine,  N.  J.  Turro,  and  G.  S.  Hammond,  J.  Am.  Chem.  Soc.,  86,  5202 
(1964). 
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ETHYL  />-DIMETHYLAMINOPHENYLACETATE 
(Acetic  acid,  />-dimethylamino  phenyl-,  ethyl  ester) 


02N 


— CH2CO2C2H5 


ch2o,  h2 


Pd/C 


■» 


(CH3)2N  CH2CO2C2H5 


) 


Submitted  by  Michael  G.  Romanelli  and  Ernest  I.  Becker  1 
Checked  by  Roy  A.  Sikstrom,  Douglas  R.  Johnson, 


William  E.  Parham,  and  Wayland  E.  Noland 


1.  Procedure 


In  a  400-ml.  Parr  bottle  are  placed  41.8  g.  (0.20  mole)  of  ethyl 
/>-nitrophenylacetate,  40  ml.  of  40%  aqueous  formaldehyde 
solution,  200  ml.  of  95%  ethanol,  and  2.0  g.  of  10%  palladium 
on  charcoal  (Note  1).  The  bottle  is  then  placed  on  a  Parr 
hydrogenation  apparatus.  The  sample  is  evacuated  and  filled 
with  hydrogen,  this  process  being  repeated  three  times.  The  tank 
and  bottle  are  then  filled  with  hydrogen  to  55  p.s.i.  The  shaker 
is  started,  and  the  hydrogenation  is  allowed  to  proceed  until  the 
pressure  drop  corresponds  to  1.0  mole  of  hydrogen  (Notes  2,  3). 
The  time  required  for  hydrogenation  is  approximately  2.5  hours 
(Note  4).  After  venting  the  hydrogen  from  the  bottle  safely 
(Note  1),  the  ethanol  solution  is  filtered  and  the  catalyst  washed 
carefully  (Note  5)  with  20  ml.  of  ethanol. 

The  filtrate  is  transferred  to  a  flask  which  is  placed  on  a  rotary 
evaporator.  The  ethanol  is  then  removed  under  reduced  pres¬ 
sure  on  a  steam  bath.  Using  ether  as  a  washing  solvent,  the 
residue  is  transferred  to  a  small  distilling  flask  and  the  ether 
distilled.  The  ethyl  ^-dimethylaminophenylacetate  is  then 
distilled  (Notes  6,  7)  at  reduced  pressure,  affording  27.7-31.8  g. 
(67-77%)  of  colorless  product,  b.p.  122-124°  (0.4  mm.),  «23d 
1.5358. 
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2.  Notes 

1.  Care  must  be  taken  in  weighing  out  and  transferring  the 
catalyst  as  it  can  ignite  mixtures  of  air  and  flammable  vapors. 
The  operation  of  the  Parr  apparatus  and  appropriate  safety 
precautions  in  its  use  have  been  described  in  detail.2 

2.  The  hydrogenation  is  exothermic,  and  care  must  be  taken 
in  order  to  prevent  the  reaction  from  getting  out  of  control. 
The  submitters  have  not  experienced  this  difficulty,  but  exo¬ 
thermic  hydrogenations  require  supervision. 

3.  With  the  apparatus  used,  a  pressure  drop  of  85  lb.  cor¬ 
responds  to  1.0  mole  of  hydrogen.  Either  the  particular  appara¬ 
tus  used  can  be  calibrated  or  the  hydrogenation  allowed  to 
proceed  until  the  pressure  ceases  to  drop.2 

4.  The  time  required  for  the  hydrogenation  will  depend  on 
several  factors,  such  as  the  speed  of  shaking,  activity  and  particle 
size  of  the  catalyst.  In  the  experiments  run  on  ethyl  ^>-nitro- 
phenylacetate  the  submitters  have  found  that  the  time  required 
varied  from  about  2  to  4  hours. 

5.  The  filtration  was  by  suction.  The  catalyst  must  not  be 
allowed  to  dry  out  with  a  stream  of  air  passing  through  it,  as  it 
can  then  readily  ignite. 

6.  Before  the  actual  distillation  could  be  carried  out,  the  flask 
was  heated  to  approximately  95°  and  the  residual  formaldehyde 
removed  at  the  aspirator.  Only  after  the  formaldehyde  was 
removed  could  the  pressure  be  reduced  to  that  required  for 
the  distillation. 

7.  The  checkers  observed  that  rather  rapid  decomposition  of 
the  product  occurs  unless  precautions  were  taken.  A  short  path 
distillation  using  a  50-ml.  distilling  flask  equipped  with  a  capil¬ 
lary  nitrogen  bubbler  was  employed. 

3.  Methods  of  Preparation 

Ethyl  7>-dimethylaminophenylacetate  has  been  previously 
prepared  in  this  laboratory  by  Fischer  esterification  of  p- di- 
methylaminophenylacetic  acid,  the  acid  in  turn  being  prepared 
by  the  reductive  hydrolysis  of  />-dimethylaminomandelonitrile.3 
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4.  Merits  of  the  Preparation 

Besides  being  a  convenient  preparation  for  ethyl  ^-dimethyl- 
aminophenylacetate,  the  procedure  for  reductive  alkylation  can 
be  generalized.4, 5  Table  I  lists  the  results  obtained  by  the 
submitters. 


TABLE  I 


Reductive  Alkylation  or  Nitro  Compounds 


Nitro  Compound 

%  Yield 

/'-Nitrophenylacetic  acid 

84-91 

/>-Nitrobenzoic  acid 

87 

ra-Nitrobenzoic  acid 

95 

^-Nitrotoluene 

90 

o-Nitrotoluene 

76 

1.  Department  of  Chemistry,  University  of  Massachusetts,  Boston,  Massachusetts. 
This  work  was  carried  out  at  the  Polytechnic  Institute  of  Brooklyn,  Brooklyn, 
New  York. 

2.  R.  Adams  and  V.  Voorhees,  Org.  Syntheses,  Coll.  Vol.  1,  61  (1941). 

3.  Celal  Ttiziin  and  E.  I.  Becker,  unpublished  results. 

4.  R.  E.  Bowman  and  H.  H.  Stroud,  J.  Chem.  Soc.,  1342  (1950). 

5.  W.  S.  Emerson,  Org.  Reactions,  4,  174  (1948). 
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ETHYL  2,4-DIPHENYLBUTAN O ATE 
(Butyric  acid,  2,4-diphenyl-,  ethyl  ester) 

C6H5CH2C02C2H5  — 

NH3 


CeHsCHCOsCaHs  Na+ 


CeHsCHbCH^Br 

- > 


H 

C6H5CH2CH2— C— CO2C2H5 

I 

C6H5 

Submitted  by  Edwin  M.  Kaiser,  William  G.  Kenyon, 
and  Charles  R.  Hauser  1 

Checked  by  Joseph  G.  Ppeiffer  and  Kenneth  B.  Wiberg 


1.  Procedure 

Caution!  This  preparation  should  he  carried  out  in  a  hood  to 
avoid  exposure  to  ammonia. 

A  suspension  of  sodium  amide  2  (0.1  mole)  in  liquid  ammonia  is 
prepared  in  a  500-ml.  three-necked,  round-bottomed  flask  fitted 
with  a  West  condenser,  a  ball  and  socket  glass  mechanical  stirrer 
(Note  1),  and  a  dropping  funnel.  In  the  preparation  of  this  re¬ 
agent  a  small  piece  of  clean  sodium  metal  is  added  to  350  ml.  of 
commercial  anhydrous  liquid  ammonia.  After  the  appearance 
of  a  blue  color,  a  few  crystals  of  hydrated  ferric  nitrate  are  added, 
whereupon  the  blue  color  is  discharged.  The  remainder  of  the 
2.3  g.  (0.1  mole)  of  sodium  (Note  2)  is  then  rapidly  added  as 
small  pieces.  After  all  the  sodium  has  been  converted  to  sodium 
amide  (Note  3),  a  solution  of  16.4  g.  (0.1  mole)  of  ethyl  phenyl- 
acetate  (Note  4)  in  35  ml.  of  anhydrous  ethyl  ether  is  added 
dropwise  over  a  2-minute  period,  and  the  mixture  is  stirred  for 
20  minutes.  To  the  dark  green  suspension  is  added  over  an 
8-minute  period  a  solution  of  18.5  g.  (0.1  mole)  of  (2-bromo- 


ETHYL  2,4-DIPHENYLBUTANOATE 


73 


ethyl)benzene  (Note  4)  dissolved  in  35  ml.  of  anhydrous  ethyl 
ether.  The  mixture  is  stirred  for  3  hours  and  is  then  neutralized 
by  the  addition  of  5.35  g.  (0.1  mole)  of  ammonium  chloride. 
After  addition  of  150  ml.  of  dry  ethyl  ether,  the  ammonia  is 
evaporated  with  stirring  by  use  of  a  warm  water  bath  (Note  5). 
The  mixture  is  then  cooled  to  0°  by  an  ice  bath  and  hydrolyzed 
by  the  dropwise  addition  of  100  ml.  of  3N  hydrochloric  acid. 
After  stirring  for  15  minutes,  the  mixture  is  allowed  to  warm  to 
room  temperature,  and  the  layers  are  separated.  The  aqueous 
layer  is  extracted  with  two  50-ml.  portions  of  ethyl  ether.  The 
combined  ether  extracts  are  then  washed  with  two  50-ml.  portions 
of  saturated  aqueous  sodium  bicarbonate  followed  by  two  50-ml. 
portions  of  saturated  sodium  chloride.  Drying  is  accomplished 
over  magnesium  sulfate.  After  filtration  and  solvent  removal, 
the  crude  product  is  purified  by  vacuum  distillation  to  give 
20.6-21.8  g.  (77-81%)  of  ethyl  2,4-diphenylbutanoate,  b.p. 
168-169°  (3.5  mm.).  Vapor  phase  chromatography  shows  the 
presence  of  one  peak  (Note  6). 

2.  Notes 

1.  Stirrers  with  Teflon  paddles  should  not  be  used. 

2.  The  sodium  was  weighed  in  toluene  and  then  rinsed  in 
anhydrous  ethyl  ether. 

3.  Conversion  is  indicated  by  the  discharge  of  the  blue  color. 

4.  Ethyl  phenylacetate  and  (2-bromoethyl)benzene  as  sup¬ 
plied  by  Eastman  Organic  Chemicals  were  used  without  further 
purification. 

5.  Alternatively,  the  ammonia  may  be  evaporated  after  the 
ammonium  chloride  and  ethyl  ether  have  been  added  by  allowing 
the  flask  to  stand  overnight  with  stirring. 

6.  A  5-ft.  Apiezon  L  column  at  225°  was  used. 

3.  Methods  of  Preparation 

The  procedure  described  is  a  modification  of  that  given  by 
Kenyon,  Meyer,  and  Hauser.3  No  other  methods  appear  to 
have  been  used  to  prepare  ethyl  2,4-diphenylbutanoate.  A 
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number  of  alkylations  of  ethyl  phenylacetate  have  previously 
been  effected  with  alkyl  halides  by  means  of  other  basic  reagents, 
but  the  yields  generally  have  not  been  very  satisfactory.4*  5 

4.  Merits  of  the  Preparation 

The  method  described  is  successfully  used  for  the  alkylation 
and  aralkylation  of  ethyl  and  /-butyl  phenylacetate.3  The  alkyl¬ 
ation  of  ethyl  phenylacetate  with  methyl  iodide,  w-butyl  bro¬ 
mide,  benzyl  chloride,  and  a-phenylethyl  chloride  affords  the 
corresponding  pure  monoalkylation  products  in  69%,  91%,  85%, 
and  70%  ( erythro  isomer)  yields,  respectively.  The  alkylation 
of  /-butyl  phenylacetate  with  methyl  iodide,  «-butyl  bromide, 
a-phenylethyl  chloride,  and  fl-phenylethyl  bromide  gives  the 
corresponding  pure  monoalkylated  products  in  83%,  86%, 
72-73%,  and  76%  yields,  respectively. 

Certain  of  the  monoalkylated  ethyl  phenylacetates  have  been 
further  alkylated  with  alkyl  and  aralkyl  halides  to  produce  the 
corresponding  disubstituted  phenylacetic  esters.6  Ethyl  2-phenyl- 
propanoate  has  been  alkylated  by  methyl  iodide  to  give  pure 
ethyl  2-methyl-2-phenylpropanoate  in  81%  yield.  Similarly,  the 
alkylations  of  ethyl  2-phenylhexanoate  with  methyl  iodide, 
n-butyl  bromide,  and  benzyl  chloride  gave  the  corresponding  pure 
dialkylated  products  in  73%,  92%,  and  72%  yields,  respectively. 

Butylation  of  ethyl  phenylacetate,  /-butyl  phenylacetate,  and 
ethyl  2-phenylhexanoate  has  also  been  accomplished  with 
w-butyl  bromide  and  sodium  hydride  in  refluxing  monoglyme 
in  64%,  66%,  and  56%  yields,  respectively.6  In  contrast  to  the 
sodium  amide  reactions  above,  however,  careful  fractionation  of 
the  crude  products  was  required  to  obtain  pure  products. 

1.  Department  of  Chemistry,  Duke  University,  Durham,  North  Carolina.  This 
work  was  supported  by  the  U.  S.  Army  Research  Office  —  Durham. 

2.  C.  R.  Hauser,  F.  W.  Swamer,  and  J.  T.  Adams,  Org.  Reactions,  8,  122  (1954). 

3.  W.  G.  Kenyon,  R.  B.  Meyer,  and  C.  R.  Hauser,  J.  Org.  Chem.,  28,  3108  (1963). 

4.  A.  C.  Cope,  H.  L.  Holmes,  and  H.  O.  House,  Org.  Reactions,  9,  284  (1957). 

5.  A.  L.  Mndzhoyan,  O.  L.  Mndzhoyan,  E.  R.  Bagdasaryan,  and  V.  A.  Mnatsa- 
kanyan,  Dokl.  Akad.  Nauk  Arm.  SSR,  30,  97  (1960)  [C.A.  55,  3508  (1961)]. 

6.  W.  G.  Kenyon,  E.  M.  Kaiser,  and  C.  R.  Hauser,  J.  Org.  Chem.,  30,  2937  (1965). 


4-HEPTANONE 


75 


4-HEPTANONE 

2  CH3CH2CH2COOH  +  Fe  — >  (CH3CH2CH2COO)2Fe  +  H2 
(CH3CH2CH2COO)2Fe  A  (CH3CH2CH2)2CO  +  FeO  +  C02 

Submitted  by  Robert  Davis,  Charles  Granito, 
and  Harry  P.  Schultz  1 

Checked  by  William  G.  Dauben  and  Richard  J.  Shavitz 

1.  Procedure 

A  mixture  of  370  ml.  (4  moles)  of  »-butyric  acid  (Note  1)  and 
123  g.  (2.2  moles)  of  hydrogen-reduced  iron  powder  (Note  2)  is 
refluxed  for  5  hours  in  a  1-1.  flask  equipped  with  a  condenser 
(Note  3).  The  apparatus  is  converted  for  downward  distillation 
while  an  atmosphere  of  nitrogen  is  maintained.  The  nitrogen 
sweep  is  then  stopped,  the  flask  is  strongly  heated,  and  the  entire 
distillate  collected. 

The  crude  product  is  washed  with  two  20-ml.  portions  of  10% 
sodium  hydroxide  solution  and  with  one  20-ml.  portion  of  water. 
The  4-heptanone  is  dried  over  5  g.  of  anhydrous  sodium  sulfate, 
filtered,  and  distilled.  The  yield  of  4-heptanone,  b.p.  142-144°, 
w25d  1.4031-1.4036,  is  157-171  g.  (69-75%). 

2.  Notes 

1.  w-Butyric  acid,  b.p.  162-164°,  from  Eastman  Organic 
Chemicals  was  redistilled  before  use. 

2.  Hydrogen-reduced  iron  powder  from  Fisher  Scientific 
Company  was  used. 

3.  Severe  foaming  may  force  brief  cessations  of  heating  during 
the  first  hour.  Boric  acid  (0.1  g.)  somewhat  diminishes  the  extent 
of  foaming. 

3.  Methods  of  Preparation 

The  present  procedure  is  that  of  Davis  and  Schultz.2  4-Hepta- 
none  has  also  been  synthesized  by  virtually  every  general  method 
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known  and  listed  for  ketones  in  “Chemistry  of  Carbon  Com¬ 
pounds,”  including  liquid  or  vapor  phase  decarboxylation  of 
^-butyric  acid  or  its  salts,  oxidation  of  4-heptanol,  and  hydration 
of  3-heptyne.3 


4.  Merits  of  the  Preparation 

This  method  is  illustrative  of  a  general  method  of  preparing 
simple  ketones  from  normal  aliphatic  carboxylic  acids.  It  is 
especially  useful  because  the  starting  materials  are  easily  ac¬ 
cessible,  the  yields  good,  and  the  procedure  very  simple. 

1.  Chemistry  Department,  University  of  Miami,  Coral  Gables,  Florida  33124. 

2.  R.  Davis  and  H.  P.  Schultz,  J.  Org.  Chem.,  27,  854  (1962). 

3.  J.  G.  Buchanan,  N.  A.  Hughes,  F.  J.  McQuillin,  and  G.  A.  Swan  in  S.  Coffey, 
“Rodd’s  Chemistry  of  Carbon  Compounds,”  Elsevier  Publishing  Company, 
New  York,  New  York,  1965,  p.  53. 
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CH2NH2 


CH2NH2 


(CH2)6N4 


Cone.  HC1 
H20,  CH3COOH 


Submitted  by  J.  H.  Ackerman  and  A.  R.  Surrey  1 
Checked  by  Kenneth  H.  Brown,  Wayland  E.  Noland, 
and  William  E.  Parham 


1.  Procedure 

A  solution  of  272  g.  (261  ml.,  2.00  moles)  of  o^cC-diamino-m- 
xylene  (Note  1),  1.00  kg.  (7.1  moles)  of  hexamethylenetetramine, 
480  ml.  of  concentrated  hydrochloric  acid,  and  3.2  1.  of  50% 
aqueous  acetic  acid  in  a  12-1.  flask  is  stirred  and  heated  at  the 
reflux  temperature  for  2.5  hours.  The  hot  amber  reaction  mix¬ 
ture  is  then  poured  into  a  large  battery  jar  in  a  well-ventilated 
hood,  and  a  solution  prepared  from  298  g.  of  sodium  hydroxide 
and  3.85  1.  of  water  is  added  slowly  with  stirring  (Note  2).  The 
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mixture  is  covered  and  allowed  to  stand  overnight  at  about  5°. 
The  product,  which  separates  as  long  needles,  is  collected,  washed 
on  a  Buchner  funnel  with  100  ml.  of  cold  water,  and  then  dried 
to  constant  weight  under  vacuum  (Note  3)  over  calcium  chloride. 
There  is  obtained  158-166  g.  (59-62%)  of  almost  colorless  needles 
of  isophthalaldehyde,  m.p.  88-90°  (Note  4). 


2.  Notes 

1.  a,a'-Diamino-m-xylene  was  obtained  from  California 
Chemical  Company  and  Aldrich  Chemical  Company. 

2.  The  sodium  hydroxide  solution  is  added  to  neutralize  most 
of  the  acetic  acid  present.  Better  yields  are  obtained  using  this 
neutralization  procedure  than  by  merely  cooling  the  reaction 
mixture. 

3.  The  checkers  observed  that  house  vacuum  removed  only 
50%  of  the  water  after  48  hours. 

4.  One  lot  of  a^cC-diamino-w-xylene  from  Aldrich  Chemical 
Company  gave  the  isophthalaldehyde  as  pale  pink,  long  needles, 
m.p.  88-90°.  When  12.0  g.  of  this  material  was  recrystallized 
from  500  ml.  of  water,  there  was  obtained  10.9  g.  (91%)  of  pale 
cream,  long  needles,  m.p.  89-91°. 

3.  Methods  of  Preparation 

The  procedure  described  is  a  modification  of  the  general 
procedure  of  Angyal 2  for  the  preparation  of  aldehydes  from 
benzylamines  by  the  Sommelet  reaction.  Isophthalaldehyde  has 
been  prepared  from  w-xylene  by  preparation  of  the  tetrachloro 
derivative  and  hydrolysis,3  from  isophthaloyl  chloride  by  the 
Rosenmund  reaction,4  from  a^a'-dibromo-m-xylene  by  the 
Sommelet  reaction,5  and  from  isophthaloyl  chloride  by  reduction 
with  lithium  tri-Cbutoxyaluminumhydride.6 

4.  Merits  of  the  Preparation 

Isophthalaldehyde  is  a  valuable  intermediate.  Although  the 
yields  obtained  by  some  of  the  other  reported  methods  of  prepara- 
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tion  are  better  than  the  yield  obtained  here,  the  availability  of 
starting  material  and  the  simplicity  of  reaction  make  this 
method  attractive. 

This  appears  to  be  the  first  reported  case  of  the  Sommelet 
reaction  starting  with  a  diamine. 

1.  Sterling-Winthrop  Research  Institute,  Rensselaer,  New  York. 

2.  S.  J.  Angyal,  Org.  Reactions,  8,  197  (1954). 

3.  A.  Colson  and  H.  Gautier,  Bull.  Soc.  Chim.  France,  45,  509  (1886). 

4.  K.  W.  Rosenmund,  F.  Zetzsche,  and  C.  Fliitsch,  Ber.,  54,  2888  (1921). 

5.  K.  F.  Jennings,  J.  Client.  Soc.,  1172  (1957). 

6.  H.  C.  Brown  and  B.  C.  Subba  Rao,  J.  Am.  Chem.  Soc.,  80,  5377  (1958). 


KETENE  DI(2-METHOXYETHYL)  ACETAL 
[Ketene  bis(2-methoxyethyl)  acetal] 

2  CH3OCH2CH2ONa  +  H2C=CC12  — » 

H2C=C(OCH2CH2OCH3)2  +  2  NaCl 

Submitted  by  William  C.  Kuryla  and  John  E.  Hyre  1 
Checked  by  Earl  M.  Levi  and  Peter  Yates 

1.  Procedure 

In  a  dry  1-1.  five-necked  flask  equipped  with  a  mechanical 
stirrer,  a  reflux  condenser  (Note  1),  a  thermometer,  a  nitrogen 
inlet,  and  a  stoppered  port  (Note  2)  are  placed  152  g.  (2.00  moles) 
of  2-methoxyethanol  (Note  3)  and  50  g.  of  xylene  (Note  4). 
A  constant  dry  nitrogen  purge  is  maintained  on  the  apparatus 
throughout  the  following  operations  (Note  5).  Metallic  sodium 
(46.0  g.,  2.00  moles)  is  added  in  small  chunks  through  the  stop¬ 
pered  port  to  the  stirred  reaction  mixture  over  a  2-hour  period 
at  a  temperature  of  130-150°.  After  all  the  sodium  has  reacted 
(Note  6),  heating  is  discontinued,  and  120  g.  (1.24  moles)  of 
vinylidene  chloride  (Note  7)  is  added  dropwise  to  the  stirred 
reaction  mixture  over  a  20-minute  period.  During  the  addition 
of  vinylidene  chloride  the  reaction  mixture  becomes  dark,  and 
its  temperature  increases  rapidly  from  an  initial  140°  to  a  maxi¬ 
mum  of  170-175°.  It  then  decreases  as  addition  continues,  and 
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concomitant  precipitation  of  sodium  chloride  is  noted.  Stirring 
is  continued  for  an  additional  10  minutes  after  completion  of  the 
addition  of  vinylidene  chloride.  Anhydrous  diethyl  ether 
(100  ml.)  is  slowly  added,  serving  both  to  reduce  the  viscosity 
and  to  cool  the  reaction  mixture  to  about  60°.  This  mixture  is 
then  filtered  through  a  medium-grade  fritted-glass  funnel,  and 
the  sodium  chloride  cake  is  washed  with  several  20-ml.  portions 
of  fresh  ether  (Note  8). 

The  ethereal  filtrate  and  washings  are  distilled  under  reduced 
pressure  (Note  9)  with  the  use  of  a  6-in.  Vigreux  column,  and 
pure  ketene  di(2-methoxyethyl)  acetal  (Note  10)  is  obtained; 
b.p.  81-84°  (2.0  mm.),  ri25 d  1.4411,  yield  98-132  g.  (56-75%). 
The  infrared  spectrum  of  the  product  shows  a  very  strong  C=C 
absorption  band  at  1640  cm.-1. 

2.  Notes 

1.  A  dry  ice  type  of  condenser  has  been  found  to  be  the  most 
satisfactory  because  of  the  low  boiling  point  (32°)  of  the  vinyli¬ 
dene  chloride.  An  efficient  water-cooled  condenser  is  satis¬ 
factory,  however. 

2.  An  addition  funnel  is  fitted  in  this  port  after  the  sodium 
addition  is  complete. 

3.  2-Methoxyethanol  (methyl  Cellosolve)  from  Union  Carbide 
Corporation,  Chemicals  Division,  was  used. 

4.  Xylene  (analytical  reagent  grade)  from  Mallinckrodt  Chem¬ 
ical  Works  was  distilled  from  sodium  before  use. 

5.  This  is  essential  to  avoid  both  the  excessive  oxidation  of 
the  reactants  and  the  danger  of  a  sodium-sparked  fire. 

6.  Small  amounts  of  metallic  sodium,  such  as  a  few  very  small 
spheres  floating  in  the  reaction  mass,  are  tolerable  as  long  as  dry 
nitrogen  is  being  continuously  passed  through  the  reaction  flask. 
A  slow  nitrogen  purge  is  also  maintained  on  the  apparatus  during 
the  addition  of  the  vinylidene  chloride.  The  checkers  found  that 
appreciable  amounts  of  sodium  remained  unconsumed  after  3.5 
hours;  they  added  more  2-methoxyethanol  (10-12  g.)  to  complete 
the  reaction  (significant  loss  of  this  reagent  appeared  to  occur 
from  the  port  during  addition  of  the  sodium). 
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7.  Vinylidene  chloride  (inhibited  grade)  from  Dow  Chemical 
Company  was  used. 

8.  The  sodium  chloride  cake  is  washed  with  as  many  20-ml. 
portions  of  ether  as  are  required  to  make  the  filtrate  essentially 
colorless  (usually  four  or  five). 

9.  The  diethyl  ether  is  collected  directly  into  traps  cooled  in 
dry  ice-acetone. 

10.  The  directions  of  McElvain  and  Kundiger  2  regarding  the 
storage  of  ketene  acetals  should  be  followed.  The  submitters 
have  found  that  storage  at  0°,  in  a  bottle  which  was  previously 
washed  with  a  hot  concentrated  caustic  solution,  is  satisfactory. 

3.  Methods  of  Preparation 

Ketene  di(2-methoxyethyl)  acetal  has  been  obtained  by  the 
present  method  with  the  use  of  diethylene  glycol  dimethyl  ether 
as  solvent.3  Other  methods  for  the  preparation  of  ketene  acetals 
include  the  dehydrohalogenation  of  a  halo  acetal  with  potassium 
Cbutoxide  2’ 4  and  the  reaction  of  an  a-bromo  orthoester  with 
metallic  sodium.5 


4.  Merits  of  the  Preparation 

This  synthetic  process  is  applicable  to  the  preparation  of  other 
ketene  acetal  derivatives  of  /3- alkoxy  alcohols.  Examples  include 
the  ketene  acetal  derivatives  of  tetrahydrofurfuryl  alcohol  and 
l-methoxy-2-propanol.3  There  are  a  number  of  advantages  in 
its  use,  including  a  simple,  time-saving  procedure,  readily  avail¬ 
able  and  inexpensive  reagents,  and  good  yields  of  ketene  acetal 
obtained  by  a  one-step  method. 

1.  Union  Carbide  Corporation,  Technical  Center,  Research  and  Development 
Department,  South  Charleston,  West  Virginia. 

2.  S.  M.  McElvain  and  D.  Kundiger,  Org.  Syntheses,  Coll.  Vol.  3,  506  (1955). 

3.  W.  C.  Kuryla  and  D.  G.  Leis,  J.  Org.  Chem.,  29,  2773  (1964). 

4.  F.  Beyerstedt  and  S.  M.  McElvain,  J.  Am.  Chem.  Soc.,  58,  529  (1936). 

5.  P.  M.  Walters  and  S.  M.  McElvain,  J.  Am.  Chem.  Soc.,  62,  1482  (1940). 
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l-(2-METHOXYCARBONYLPHENYL)PYRROLE 
[Pyrrole,  l-(2-methoxycarbonylphenyl)-] 


ch3coqh 


co2ch3 


Submitted  by  A.  D.  Josey  1 

Checked  by  William  G.  Dauben  and  Juraj  Hostynek 


1.  Procedure 

A  solution  of  90  g.  (0.59  mole)  of  methyl  anthranilate  (Note  1) 
in  265  ml.  of  glacial  acetic  acid  is  placed  in  a  1-1.  round-bottomed 
flask  equipped  with  a  reflux  condenser  and  a  magnetic  stirrer. 
The  stirrer  is  started,  and  78  g.  (0.59  mole)  of  2,5-dimethoxy- 
tetrahydrofuran  (Note  2)  is  added  during  10-15  minutes  (Note 
3).  The  solution  is  heated  under  reflux  for  1  hour,  during  which 
time  the  solution  turns  deep  red  to  black  in  color.  The  heating 
is  discontinued,  the  condenser  is  replaced  with  a  Vigreux  column, 
and  the  acetic  acid  is  removed  by  distillation  at  aspirator  pressure. 
The  dark  residue  is  distilled  under  reduced  pressure  through  a 
25-cm.  column  packed  with  glass  helices,  and  84-96  g.  (70-80%) 
of  slightly  yellow  l-(2-methoxycarbonylphenyl)pyrrole  is  col¬ 
lected,  b.p.  90-95°  (2  mm.),  n25 d  1.5729. 

2.  Notes 

1.  Methyl  anthranilate  from  Eastman  Kodak  Company  was 
used  without  further  purification. 

2.  2,5-Dimethoxytetrahydrofuran  from  Eastman  Kodak  Com¬ 
pany  was  used  without  further  purification.  This  material  also 
can  be  prepared  by  catalytic  hydrogenation  2  of  2,5-dimethoxy- 
2,5-dihydrofuran.3 
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3.  The  submitter  reports  that  much  heat  is  liberated  during 
the  addition;  the  checkers  did  not  find  the  reaction  to  be  markedly 
exothermic. 


3.  Methods  of  Preparation 

l-(2-Methoxycarbonylphenyl) pyrrole  has  not  been  prepared 
previously.  An  attempt  to  prepare  the  material  via  the  mucic 
acid  pyrrole  synthesis  using  methyl  anthranilate  was  unsuc¬ 
cessful.4 


4.  Merits  of  the  Preparation 

The  condensation  of  primary  amines  with  2,5-dialkoxytetra- 
hydrofurans  to  give  in  one  step  N-substituted  pyrroles  is  appli¬ 
cable  to  a  variety  of  substituted  aliphatic  and  aromatic  amines.5 
The  method,  largely  developed  by  Clauson-Kaas  and  asso¬ 
ciates,  has  the  advantages  of  simplicity,  mild  conditions,  and 
generally  excellent  yields  from  readily  available  starting  materials. 

The  submitter  has  used  the  method  to  prepare  the  correspond¬ 
ing  1-pyrrolyl  derivatives 6  from  the  following  amines  in  the 
indicated  yields:  ethyl  (3-aminobutyrate  88%,  methyl  /3-amino- 
glutarate  87%,  /3-aminopropionitrile  58%,  and  2,5-diamino- 
3,4-dicyanothiophene  22%. 

On  saponification  l-(2-methoxycarbonylphenyl)pyrrole  yields 
l-(2-carboxyphenyl)pyrrole,  m.p.  106-107°,  which  on  reaction 
with  polyphosphoric  acid  at  70°  is  cyclized  to  9-keto-9H-pyrrolo- 
(l,2-a)indole  in  28-32%  yield.  Through  the  choice  of  the  appro¬ 
priate  amine  and  acetal  components,  the  substituted  l-(2-meth- 
oxycarbonylphenyl)  pyrroles  become  readily  available  inter¬ 
mediates  in  the  preparation  of  a  variety  of  derivatives  of  the 
pyrrolo(l,2-a)indole  ring  system. 

1.  Contribution  No.  977  from  the  Central  Research  Department,  Experimental 
Station,  E.I.  du  Pont  de  Nemours  and  Co.,  Inc. 

2.  J.  Fakstorp,  D.  Raleigh,  and  L.  E.  Schniepp,  J .  Am.  Chem.  Soc.,  72,  869  (1950). 

3.  D.  M.  Burness,  Org.  Syntheses,  40,  29  (1960). 

4.  D.  A.  Shirley,  B.  H.  Gross,  and  P.  A.  Roussel,  /.  Org.  Chem.,  20,  225  (1955). 

5.  N.  Clauson-Kaas  and  Z.  Tyle,  Acta  Chem.  Scand.,  6,  667  (1952);  6,  867  (1952). 

6.  A.  D.  Josey  and  E.  L.  Jenner,  J.  Org.  Chem.,  27,  2466  (1962). 
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2-METHYLCYCLOPENTANE-l,3-DIONE 
(1,3-Cyclopentanedione,  2-methyl-) 


ch3 

ch2  + 


ch3 


COOC2H5 

2  I 

COOC2H5 


1.  NaOC2H5 

2.  H2S04  > 


COCOOC2H5 


o 


COCOOC2H5 


H3P04 

Heat  ^ 


1.  NH9NHCONH0 

•  H20  - - - - 

z  2.  KOH,  180° 


Submitted  by  Joseph  P.  John,  S.  Swaminathan, 
and  P.  S.  Venkataramani  1 
Checked  by  J.  A.  Berezowsky  and  Peter  Yates 


1.  Procedure 

A.  2-Methyl-4-ethoxalylcyclopentane-l,3,5-trione.  A  solution 
of  sodium  ethoxide  is  prepared  in  a  2-1.  three-necked,  round- 
bottomed  flask  fitted  with  a  mercury-sealed  stirrer,  a  reflux  con¬ 
denser  carrying  a  drying  tube,  and  a  stopper  by  the  addition  of 
69.0  g.  (3  moles)  of  sodium  to  950  ml.  of  absolute  ethanol.  The 
solution  is  cooled  to  0-5°  in  an  ice  bath  and  stirred.  The  stopper 
is  replaced  by  a  dropping  funnel,  and  a  cold  mixture  (5-15°)  of 
108  g.  (1.50  moles)  of  freshly  distilled  2-butanone  and  482  g. 
(3.30  moles)  of  diethyl  oxalate  (Note  1)  is  added  gradually  over  a 
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period  of  30  minutes.  After  the  addition  is  complete,  the  thick, 
orange-red  mixture  is  allowed  to  warm  with  continued  stirring  to 
room  temperature,  heated  under  reflux  for  30  minutes,  and 
cooled  again  to  0°  in  an  ice  bath.  The  mixture  is  decomposed  by 
stirring  with  165  ml.  of  sulfuric  acid  (1:1  by  volume)  added  in 
portions.  The  sodium  sulfate  formed  is  filtered  by  suction  and 
washed  with  ethanol  (150-200  ml.)  (Note  2).  The  washings  and 
filtrate  are  combined  and  concentrated  by  evaporation  at  room 
temperature  for  3-4  days  in  two  wide-mouthed  (6-in.)  1-1. 
crystallizing  basins  (Note  3) .  The  yellowish  brown  product  which 
accumulates  by  slow  crystallization  is  collected  by  filtration, 
washed  with  small  quantities  of  ice-cold  water,  and  dried  in  air. 
The  crude  product  weighs  140-150  g.  Further  evaporative 
concentration  of  the  mother  liquor  followed  by  cooling  furnishes 
an  additional  40-50  g.  of  the  keto  ester,  bringing  the  total  yield 
to  180-200  g.  (53-59%)  (Note  2).  This  crude  material  (m.p. 
120-130°)  is  used  in  the  next  step.  A  pure  sample  can  be  ob¬ 
tained  by  crystallization  from  ethyl  acetate  after  treatment  with 
Norit  activated  carbon,  m.p.  160-162°. 

B.  2-Methylcyclopentane-l ,3,5-trione  hydrate.  A  mixture  of 
200  g.  (0.89  mole)  of  the  keto  ester  prepared  above,  910  ml.  of 
water,  and  100  ml.  of  85%  phosphoric  acid  is  heated  under  reflux 
for  4  hours  and  then  cooled  in  an  ice-salt  bath  to  —5°.  The 
trione  mixed  with  oxalic  acid  separates  and  is  collected  by 
filtration  and  dried  under  reduced  pressure.  The  dried  material 
is  extracted  with  boiling  ether  (250-300  ml.)  under  reflux,  and 
the  ethereal  extract  is  separated  from  the  undissolved  oxalic 
acid.  The  original  aqueous  filtrate  is  also  extracted  with  ether 
in  a  continuous  extractor.  The  two  extracts  are  combined,  and 
ether  is  removed  by  distillation.  The  crude  trione  separates  as  a 
dark  brown  solid  and  is  crystallized  from  ca.  250  ml.  of  hot  water. 
The  once-crystallized,  faintly  yellow  product  weighs  95-105  g. 
(74-82%),  m.p.  70-74°.  This  product  is  used  in  the  next  step 
without  further  purification.  A  better  specimen,  m.p.  77-78°, 
which  is  almost  colorless,  can  be  obtained  by  recrystallization 
from  hot  water  after  treatment  with  Norit  activated  carbon. 

C.  2-Methylcyclopentane-l, 3, 5 -trione  5-semicarbazone.  The 

above  trione  hydrate  (144  g.,  1.00  mole)  is  dissolved  in  a  mixture 
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of  500  ml.  of  water  and  1  1.  of  ethanol.  A  solution  of  150  g.  of 
sodium  acetate  in  200  ml.  of  water  is  added  with  stirring  to  raise 
the  pH  to  5-5.5,  and  the  precipitate  formed  (Note  4)  is  filtered 
and  washed  with  a  little  water  ( ca .  25  ml.).  The  filtrate  is  trans¬ 
ferred  to  a  4-1.  beaker  and  warmed  to  45°  on  a  water  bath. 
Heating  is  then  stopped,  and  a  solution  of  112  g.  (1.00  mole)  of 
semicarbazide  hydrochloride  and  150  g.  of  sodium  acetate  in 
250  ml.  of  water  is  added  dropwise  from  a  dropping  funnel  with 
vigorous  stirring  during  the  course  of  1.5  hours  (Note  5).  The 
stirring  is  continued  for  an  additional  hour,  and  the  cream-colored 
monosemicarbazone  is  collected  by  filtration,  washed  with  a 
little  aqueous  ethanol,  and  dried  at  100°.  The  dried  material 
weighs  110-120  g.  (60-66%)  and  does  not  melt  below  300°. 

D.  2-Methylcyclopentane-l,3-dione.  In  a  2-1.  three-necked 
flask  equipped  with  a  reflux  condenser  and  a  stirrer  are  placed 
115  g.  (2.00  moles)  of  potassium  hydroxide  pellets  and  1150  ml. 
of  ethylene  glycol.  The  flask  is  immersed  in  an  oil  bath  which  is 
heated  to  130°.  To  the  stirred  mixture  is  added  12  ml.  of  water 
followed  by  115  g.  (0.628  mole)  of  the  semicarbazone  prepared 
above,  added  in  portions  over  30-40  minutes  through  the  third 
neck  of  the  flask,  which  is  kept  stoppered  between  additions. 
After  the  addition  is  complete,  the  bath  temperature  is  raised  to 
150°  and  kept  at  this  temperature  for  30  minutes  and  then  raised 
again  to  180-185°.  After  2  hours  at  180-185°  the  reaction 
mixture  is  cooled,  and  the  ethylene  glycol  is  removed  under 
reduced  pressure  (preferably  below  4  mm.)  (Note  6).  The  dry 
residue  remaining  is  dissolved  in  200-225  ml.  of  water,  and  the 
solution  is  cooled  and  carefully  (Note  7)  made  acidic  to  Congo 
red  with  concentrated  hydrochloric  acid.  The  crude  dione,  which 
separates  as  a  brown  solid,  is  collected  by  filtration  and  crystal¬ 
lized  from  a  mixture  of  250  ml.  of  water  and  200  ml.  of  ethanol 
after  treatment  with  Norit  activated  carbon.  The  almost  color¬ 
less  crystalline  product  weighs  40-44  g.,  m.p.  206-207°.  The 
mother  liquor  is  concentrated  to  furnish  an  additional  10-12  g. 
of  product,  m.p.  204-205°.  The  crops  are  combined  and  re¬ 
crystallized  as  before  to  give  42-47  g.  (60-67%)  of  colorless 
dione,  m.p.  211-212°. 
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2.  Notes 

1.  Eastman  Organic  Chemicals  or  B.D.H.  Laboratory  reagent 
grade  diethyl  oxalate  was  used. 

2.  The  checkers  washed  the  sodium  sulfate  with  500  ml.  of 
ethanol.  They  obtained  202-213  g.  (60-63%)  of  product, 
m.p.  140-155°. 

3.  The  combined  filtrate  and  washings  may  be  concentrated 
to  about  350  ml.  under  reduced  pressure  with  a  bath  temperature 
not  exceeding  40°  and  then  worked  up  as  described.  However, 
the  final  yield  of  the  keto  ester  is  decreased  to  120-140  g. 

4.  This  pale  yellow  precipitate  weighs  20-30  g.  and  is  rejected. 

5.  The  conditions  described  for  the  preparation  of  the  semi- 
carbazone  are  critical  and  should  be  strictly  observed.  Otherwise, 
the  yield  of  the  product  in  the  subsequent  Wolff-Kishner  re¬ 
duction  is  decreased. 

6.  The  checkers  found  that  it  is  important  to  remove  the 
ethylene  glycol  immediately  upon  completion  of  the  reaction; 
in  a  run  in  which  the  reaction  mixture  was  allowed  to  stand 
overnight,  a  drastic  reduction  in  the  yield  of  product  was  observed. 

7.  There  is  considerable  evolution  of  carbon  dioxide  and 
consequent  frothing  during  acidification.  Care  must  be  exercised 
so  that  the  contents  of  the  flask  do  not  spill  over. 

3.  Methods  of  Preparation 

2-Methylcyclopentane-l,3-dione  has  been  prepared  in  15% 
yield  by  the  catalytic  reduction  of  2-methylcyclopentane-l,3,5- 
trione  over  platinum.2  The  present  method  is  based  on  the 
original  procedure  3  of  Panouse  and  Sannie  with  improvements 
as  effected  by  Boyce  and  Whitehurst 4  and  the  submitters.5 

4.  Merits  of  the  Preparation 

2-Methylcyclopentane-l,3-dione  has  found  increasing  use  as 
an  intermediate  in  the  synthesis  of  steroids.6-12  The  method 
described  is  the  only  practicable  method  available  for  the 
preparation  of  2-methylcyclopentane-l,3-dione  in  large  amounts. 
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5-METHYL- 5-HEXEN-2-ONE 
(5-Methylene-2-hexanone) 


CH3COCH2COCH3 


ch3 

CH2  =  icH2Cl 
- > 

K2C03,  C2H50H 


r  CH3  “I 

I 

ch2=cch2 

_  CH3COCHCOCH3_ 


ch3 

-Clea-age>  ch3co2c2h5  +  CH2=CCH2CH2COCH3 

Submitted  by  Sandra  Boatman  and  Charles  R.  Hauser  1 
Checked  by  E.  J.  Corey  and  William  E.  Russey 


1.  Procedure 

In  a  1-1.  round-bottomed  flask  equipped  with  a  condenser  are 
placed  78.0  g.  (0.56  mole)  of  commercial  anhydrous  potassium 
carbonate,  45.0  g.  (0.50  mole)  of  methallyl  chloride  (Note  1), 
55.0  g.  (0.55  mole)  of  2,4-pentanedione  (Note  1),  and  300  ml.  of 
anhydrous  ethanol  (Note  2).  The  mixture  is  refluxed  on  a  steam 
bath  for  16  hours.  The  condenser  is  replaced  by  a  distilling  head 
and  condenser,  and  about  200  ml.  of  ethanol  is  distilled  from  the 
mixture  (Note  3).  Ice  water  (600  ml.)  is  added  to  dissolve  the 
salts,  and  the  mixture  is  extracted  three  times  with  ether.  The 
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combined  ether  extracts  are  washed  twice  with  100  ml.  of 
saturated  sodium  chloride  solution,  dried  for  30  minutes  over 
anhydrous  magnesium  sulfate,  and  filtered;  the  solvent  is  evapo¬ 
rated.  The  residue  is  distilled  through  a  6-in.  Vigreux  column 
using  an  oil  bath  maintained  at  190°  to  give  26-29  g.  (47-52%) 
of  the  product,  b.p.  145-155°  (Notes  4,  5). 


2.  Notes 

1.  Eastman  Organic  Chemicals  practical  grade  methallyl 
chloride  was  distilled  (b.p.  70-71°);  Union  Carbide  Chemicals 
Co.  2,4-pentanedione  was  distilled  (b.p.  134.5-135.5°). 

2.  Commercial  grade  absolute  ethanol  was  dried  over  Linde  3 A 
molecular  sieves. 

3.  At  this  point  most  of  the  ethyl  acetate,  which  is  formed  as  a 
by-product  of  the  reaction,  also  is  removed. 

4.  The  checkers  used  a  2-ft.  spinning-band  column  at  200  mm. 
and  observed  b.p.  110-111.5°. 

5.  In  the  distillation  residue  (5. 7-6. 3  g.)  remain  other  by¬ 
products,  presumably  l,l-dimethallyl-2-propanone,  3-methallyl- 
2,4-pentanedione,  and  3,3-dimethallyl-2,4-pentanedione  (indi¬ 
cated  by  vapor  phase  chromatography).  The  checkers  carried 
out  v.p.c.  analyses  using  an  8-ft.  column  of  5%  silicone  oil  XE-60 
on  Diatoport  S  at  100°  for  analysis  of  the  distillate  and  175°  for 
analysis  of  the  residue. 

3.  Methods  of  Preparation 

5-Methyl-5-hexen-2-one  has  been  prepared  by  alkylation  of 
acetoacetic  ester  with  methallyl  chloride,  followed  by  cleavage; 
the  overall  yield  in  the  two  steps  was  51%.2 

4.  Merits  of  the  Preparation 

The  present  procedure,  which  is  characterized  by  its  extreme 
simplicity,  has  been  employed  to  prepare  various  ketones  of 
type  RCH2COCH3  from  2,4-pentanedione,3  as  indicated  in 
Table  I. 
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TABLE  I 


Alkylation  and  Cleavage  of  2,4-Pentanedione 


Alkyl  Halide 

Ketone 

%  Yield 

Benzyl  chloride 

4~Phenyl-2-butanone 

73 

o-Bromobenzyl  bromide 

4-(o-Bromophenyl)-2-butanone 

75 

w-Bromobenzyl  bromide 

4-(wi-Bromophenyl)-2-butanone 

78 

o-Chlorobenzyl  chloride 

4-(o-Chlorophenyl)  -2-butanone 

78 

w-Chlorobenzyl  bromide 

4-0«-Chlorophenyl)-2-butanone 

65 

^-Chlorobenzyl  bromide 

4-(^-Chlorophenyl) -2-butanone 

62 

m-Fluorobenzyl  chloride 

4-(wi-Fluorophenyl)  -2-butanone 

60 

m-Nitrobenzyl  chloride 

4-(w-Nitrophenyl) -2-butanone 

65 

a-Chloromethylnaphthalene 

4-(a-N  aphthyl)  -2-butanone 

61 

Phenacyl  chloride 

l-Phenyl-l,4-pentanedione 

55 

w-Butyl  iodide 

2-Heptanone 

60 

1.  Department  of  Chemistry,  Duke  University,  Durham,  North  Carolina.  This 
work  was  supported  by  the  National  Science  Foundation. 

2.  W.  Kimel  and  A.  C.  Cope,  J .  Am.  Chem.  Soc.,  65,  1992  (1943). 

3.  S.  Boatman,  T.  M.  Harris,  and  C.  R.  Hauser,  J.  Org.  Chem.,  30,  3321  (1965). 
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^\/C00H 


2N(C2H5)3  __ 
COCl2  ^ 


+  2(C2H5)3NH  Cl"  +  C02 

Submitted  by  Heinrich  Rinderknecht  and  Morris  Gutenstein  1 
Checked  by  Walter  K.  Sosey,  Wayland  E.  Noland, 
and  William  E.  Parham 


1.  Procedure 

Nicotinic  acid  (10  g.,  0.081  mole)  (Note  1)  and  anhydrous 
benzene  (275  ml.)  (Note  2)  are  placed  in  a  500-ml.  three-necked, 
round-bottomed  flask  (Note  3)  fitted  with  a  sealed  Hershberg 
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stirrer,  a  dropping  funnel  with  a  pressure-equalizing  tube,  and  a 
stillhead  connected  to  a  condenser.  In  order  to  remove  traces 
of  moisture  introduced  with  the  nicotinic  acid  the  mixture  is 
heated  until  about  75  ml.  of  benzene  has  distilled.  The  stillhead 
is  replaced  by  a  Claisen  head  fitted  with  a  thermometer  and  a 
calcium  chloride  tube,  and  the  mixture  is  cooled  to  5°  by  stirring 
in  an  ice  bath.  To  the  cold  suspension  of  nicotinic  acid  is  added 
all  at  once  8.65  g.  (0.086  mole,  5%  excess)  of  triethylamine  (Note 
4) .  The  resulting  clear  solution  is  stirred  with  continued  cooling 
while  34  g.  of  a  12.5%  solution  of  phosgene  (0.043  mole,  5% 
excess)  in  benzene  (Note  5)  is  added  through  the  dropping  funnel. 
The  rate  of  addition  is  regulated  so  that  the  temperature  of  the 
reaction  mixture  does  not  exceed  7°.  Triethylamine  hydrochlo¬ 
ride  precipitates  immediately.  After  the  addition  of  phosgene  the 
mixture  is  stirred  at  room  temperature  for  45  minutes,  heated  to 
the  boiling  point,  and  filtered  under  slightly  reduced  pressure 
(Note  6)  while  hot.  The  triethylamine  hydrochloride  cake 
(Note  7)  is  washed  on  the  filter  with  three  25-ml.  portions  of 
warm  benzene  (60°).  The  combined  filtrate  and  washes  are 
transferred  to  a  500-ml.  round-bottomed  flask  and  evaporated  to 
dryness  on  a  rotary  evaporator  at  low  temperature  and  pressure. 
The  dry  residue  is  simmered  with  75  ml.  of  anhydrous  benzene 
(Note  2),  and  the  mixture  is  filtered  while  hot.  The  triethylamine 
hydrochloride  cake  (Note  7)  is  washed  with  two  5-ml.  portions  of 
cold  benzene,  and  the  filtrate  and  washes  are  allowed  to  stand  at 
20°  for  2-3  hours.  The  crystalline  product  is  collected  on  a  filter, 
washed  with  two  4-ml.  portions  of  cold  anhydrous  benzene,  and 
dried  in  a  vacuum.  The  yield  of  nicotinic  anhydride,  m.p.  122— 
125°  (Note  8),  is  6.25  g.  (68%).  The  combined  filtrate  and  washes 
are  evaporated  to  dryness  on  a  rotary  evaporator.  The  residue 
is  simmered  with  175  ml.  of  a  mixture  of  benzene  and  cyclohexane 
(2:3)  (Note  2),  and  a  small  amount  of  insoluble  material  is  re¬ 
moved  by  filtration  of  the  hot  mixture  (Note  6).  The  filtrate  is 
stored  at  5°  for  18  hours  (Note  9);  the  crystalline  deposit  is  col¬ 
lected,  washed  with  3  ml.  of  cold  benzene-cyclohexane  mixture, 
and  dried  in  a  vacuum.  An  additional  2.4  g.  (25%)  of  colorless 
product,  m.p.  122-123°,  is  thus  obtained.  The  total  yield  of 
nicotinic  anhydride  is  8.05-8.65  g.  (87-93%). 
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2.  Notes 

1.  Nicotinic  acid  supplied  by  Matheson,  Coleman  and  Bell 
yielded  a  colorless  anhydride;  u.s.p.  grade  material  gave  a  slightly 
buff-colored  product. 

2.  Benzene  and  cyclohexane  are  freshly  distilled  and  stored 
over  sodium  wire  or  calcium  hydride. 

3.  Nicotinic  anhydride  is  extremely  sensitive  to  moisture;  all 
glassware  is  therefore  dried  overnight  in  an  oven  at  200°  before 
use. 

4.  Triethylamine  is  freshly  distilled  and  stored  over  potassium 
hydroxide  pellets. 

5.  A  12.5%  solution  of  phosgene  in  benzene  is  available  from 
Matheson,  Coleman  and  Bell. 

6.  It  is  essential  to  carry  out  filtration  under  only  slightly 
reduced  pressure  in  order  to  minimize  evaporation,  cooling,  and 
crystallization  in  the  filter  plate  and  funnel. 

7.  The  yield  of  triethylamine  hydrochloride  obtained  in  this 
and  subsequent  extractions  amounts  to  over  96%  of  that  expected. 

8.  Melting  points  were  determined  in  capillary  tubes  and  are 
corrected.  Reported:2  123-126°. 

9.  Rigorously  anhydrous  conditions  are  essential  throughout 
this  procedure  and  the  flask  must  be  air-tight. 


3.  Methods  of  Preparation 

The  present  method  is  that  described  by  Rinderknecht  and 
Ma.3  It  is  equally  applicable  to  a  variety  of  other  heterocyclic, 
aromatic,  and  aliphatic  anhydrides.4, 5  Nicotinic  anhydride  was 
first  prepared  by  reaction  of  nicotinoyl  chloride  with  sodium 
nicotinate,6, 7  and  more  recently  by  reaction  of  potassium  nico- 
tinate  with  oxalyl  chloride  in  anhydrous  benzene.2 

4.  Merits  of  the  Preparation 

The  present  method  of  preparing  anhydrides  is  distinguished 
from  other  procedures  by  its  simplicity  and  high  yield.  It  avoids 
the  two-phase  reaction  systems  of  older  methods  and  the  need 
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for  often  inaccessible  and  highly  sensitive  acid  chlorides.  The 
only  nongaseous  by-product,  triethylamine  hydrochloride,  is 
readily  removed  from  the  reaction  mixture  and  leaves,  in  nearly 
quantitative  yield,  a  solution  of  product  suitable  for  further 
reaction  or  isolation. 

1.  Contribution  No.  3176  from  the  Gates  and  Crellin  Laboratories  of  Chemistry, 
California  Institute  of  Technology,  Pasadena,  California.  This  work  was 
supported  by  grant  No.  HD-00347  from  the  National  Institute  of  Child  Health 
and  Human  Development. 

2.  A.  W.  Schrecker  and  P.  B.  Maury,  J.  Am.  Chem.  Soc.,  76,  5803  (1954). 

3.  H.  Rinderknecht  and  V.  Ma,  Helv.  Chim.  Acta,  47,  162  (1964). 

4.  T.  Wieland  and  H.  Bernhard,  Ann.,  572,  190  (1951). 

5.  T.  K.  Brotherton,  J.  Smith,  Jr.,  and  J.  W.  Lynn,  J.  Org.  Chem.,  26,  1283  (1961). 

6.  R.  Graf,  Biochem.  Z.,  229,  164  (1930). 

7.  C.  O.  Badgett,  J.  Am.  Chem.  Soc.,  69,  2231  (1947). 


2,4-N  ONANEDIONE 

Na 

CH3COCH2COCH3  2NaNH’>  NaCH2COCHCOCH3 

Liq.  NH3 

n-C4H9Br 

TT+  Na 

CH3(CH2)4COCH2COCH3  < - CH3(CH2)4COCHCOCH3 

Submitted  by  K.  Gerald  Hampton,  Thomas  M.  Harris, 
and  Charles  R.  Hauser  1 
Checked  by  Eugene  Gosselink  and  Peter  Yates 


1.  Procedure 

Caution!  This  preparation  should  be  carried  out  in  a  hood  to 
avoid  exposure  to  ammonia. 

A  suspension  of  sodium  amide  (1.10  moles)  in  liquid  ammonia 
is  prepared  in  a  1-1.  three-necked  flask  equipped  with  an  air 
condenser  (Note  1),  a  ball-sealed  mechanical  stirrer,  and  a  glass 
stopper.  In  the  preparation  of  this  reagent  commercial  anhy¬ 
drous  liquid  ammonia  (800  ml.)  is  introduced  from  a  cylinder 
through  an  inlet  tube.  To  the  stirred  ammonia  is  added  a  small 
piece  of  sodium.  After  the  appearance  of  a  blue  color  a  few 
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crystals  of  ferric  nitrate  hydrate  (about  0.25  g.)  are  added, 
followed  by  small  pieces  of  freshly  cut  sodium  until  25.3  g. 
(1.10  moles)  has  been  added.  After  the  sodium  amide  formation 
is  complete  (Note  2),  the  glass  stopper  is  replaced  by  a  pressure¬ 
equalizing  dropping  funnel  containing  60.0  g.  (0.600  mole)  of 
2 ,4-pentanedione  (Note  3)  in  40  ml.  of  anhydrous  ether.  The 
top  of  the  addition  funnel  is  fitted  with  a  nitrogen  inlet  tube. 
The  reaction  flask  is  immersed  at  least  3  in.  into  a  dry  ice-acetone 
bath  (Note  4),  and  simultaneously  the  slow  introduction  of  dry 
nitrogen  through  the  inlet  tube  is  begun.  After  the  reaction 
mixture  is  thoroughly  cooled  (about  20  minutes),  2,4-pentane- 
dione  is  added  intermittently  in  small  portions  (Note  4)  over 
10  minutes.  The  cooling  bath  is  removed.  After  20  minutes  the 
nitrogen  purge  is  stopped,  and  68.5  g.  (0.500  mole)  of  1-bromo- 
butane  (Note  5)  in  40  ml.  of  anhydrous  ether  is  introduced  drop- 
wise  during  10-20  minutes.  The  addition  funnel  is  rinsed  with  a 
small  volume  of  anhydrous  ether,  which  is  added  to  the  reaction 
mixture.  After  30  minutes  400  ml.  of  anhydrous  ether  is  added, 
and  the  ammonia  is  removed  by  cautious  heating  on  the  steam 
bath.  Crushed  ice  (200  g.)  is  added  causing  a  thick  slurry  to  form. 
Next  a  mixture  of  60  ml.  of  concentrated  hydrochloric  acid  and 
10  g.  of  crushed  ice  is  added.  The  reaction  mixture  is  stirred 
until  all  solids  are  dissolved  and  then  is  transferred  to  a  separa¬ 
tory  funnel,  the  flask  being  washed  with  a  little  ether  and  dilute 
hydrochloric  acid.  The  ethereal  layer  is  separated,  and  the 
aqueous  layer  (Note  6)  is  further  extracted  three  times  with 
100-ml.  portions  of  ether.  The  combined  ethereal  extracts  are 
dried  over  anhydrous  magnesium  sulfate.  After  filtration  and 
removal  of  the  solvent  the  residue  is  distilled  through  a  12-in. 
Vigreux  column  to  give  63.0-63.6  g.  (81-82%)  of  2,4-nonane- 
dione,  b.p.  100-103°  (19  mm.),  as  a  colorless  liquid  (Note  7). 


2.  Notes 

1.  The  checkers  used  a  dry  ice  condenser  during  the  introduc¬ 
tion  of  ammonia  to  the  reaction  flask  and  replaced  it  with  an  air 
condenser  before  the  addition  of  sodium. 

2.  Conversion  to  sodium  amide  is  indicated  by  the  disappear- 
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ance  of  the  blue  color.  This  generally  requires  about  20  minutes. 

3.  Eastman  Organic  Chemicals  2,4-pentanedione  was  dried 
over  potassium  carbonate  and  distilled  before  use,  the  fraction 
boiling  at  133-135°  at  atmospheric  pressure  being  used. 

4.  The  addition  of  2,4-pentanedione  to  liquid  ammonia  is  a 
highly  exothermic  process.  Also,  ammonia  vapor  reacts  with 
the  ,8-diketone  to  produce  an  insoluble  ammonium  salt,  which 
tends  to  clog  the  tip  of  the  addition  funnel.  Cooling  the  reac¬ 
tion  mixture  in  dry  ice-acetone  reduces  the  vigor  of  the  reaction 
and  minimizes  the  clogging  of  the  addition  funnel.  The  2,4- 
pentanedione  should  be  added  in  spurts  which  fall  on  the  surface 
of  the  reaction  mixture  rather  than  on  the  wall  of  the  flask. 

5.  Eastman  Organic  Chemicals  1-bromobutane  was  used  with¬ 
out  purification. 

6.  The  aqueous  layer  should  be  acidic  to  litmus  paper.  If 
it  is  basic,  indicating  that  the  ammonia  was  not  completely  re¬ 
moved  from  the  reaction  mixture,  more  hydrochloric  acid  should 
be  added  until  an  acidic  test  is  obtained. 

7.  A  small  forerun  of  2,4-pentanedione,  b.p.  32-100°  (19  mm.), 
is  obtained.  The  purity  of  the  product  may  be  demonstrated  by 
gas  chromatography  on  a  2-ft.  column  packed  with  silicone  gum 
rubber  (F  and  M  Scientific  Co.,  Avondale,  Pennsylvania) 
programmed  linearly  from  100°  to  300°.  The  chromatogram 
obtained  is  a  single  sharp  peak.  The  three  conceivable  im¬ 
purities,  2,4-pentanedione,  3-butyl-2,4-pentanedione,  and  6,8- 
tridecanedione,  would  have  been  observed  under  these  con¬ 
ditions  if  they  had  been  present. 

3.  Methods  of  Preparation 

The  method  described  is  that  of  Hampton,  Harris,  and 
Hauser  2  and  is  an  improvement  over  the  earlier  procedures  3t  4 
of  Hauser  and  co-workers,  which  employed  potassium  amide. 
2,4-Nonanedione  has  been  prepared  by  the  condensation  of 
ethyl  caproate  with  acetone  in  the  presence  of  sodium  hydride 
(54-80%)  ,5,  6  and  by  the  acylation  of  ethyl  acetoacetate  followed 
by  cleavage  and  decarboxylation  (51%).7  Other  preparations 
include  the  acetylation  of  2-heptanone  with  ethyl  acetate  and 
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sodium  amide  (61  %),8  the  acetylation  of  1-heptyne  with  acetic 
anhydride  and  boron  fluoride  (42%), 9  and  the  sulfuric  acid- 
catalyzed  hydration  of  3-nonyn-2-one.10  Low  yields  (6-7%)  of 
2,4-nonanedione  were  obtained  by  the  acetylation  of  2-heptanone 
with  acetic  anhydride  and  boron  fluoride,11  and  by  the  pyrolysis 
of  the  enol  acetates  of  2-heptanone.12  The  last  two  methods 
afforded  substantial  amounts  of  the  isomeric  3-butyl-2,4-pentane- 
dione. 


4.  Merits  of  the  Preparation 

This  procedure  represents  a  novel,  convenient,  and  fairly 
general  method  for  preparing  higher  /3-diketones.  By  this 
method  the  submitters  have  alkylated  2,4-pentanedione  at  the 
1-position  with  methyl  iodide  to  give  2,4-hexanedione  (59-65%) 
and  with  »-octyl  bromide  to  give  2,4-tridecanedione  (66-79%). 2 
Alkylation  at  the  3-position  is  not  observed,  and  little  or  no 
1,5-dialkylation  occurs.  By  similar  procedures  employing 
potassium  amide,  2,4-pentanedione  has  also  been  alkylated  with 
benzyl  chloride,3, 4  allyl  bromide,4  «-heptyl  bromide,4  and 
isopropyl  bromide.4  Numerous  other  /3-diketones  have  been 
alkylated  similarly.  They  include  benzoylacetone,3  6-phenyl- 
2,4-hexanedione,4,  13  2-acetylcyclopentanone,13  2-acetylcyclohex- 
anone,13  and  2,4-tridecanedione.4  In  contrast  to  2,4-pentane¬ 
dione,  these  /3-diketones  may  be  added  readily  to  the  liquid 
ammonia  solution  without  employing  a  dry  ice  cooling  bath. 

1.  Chemistry  Department,  Duke  University,  Durham,  North  Carolina.  This 
research  was  supported  in  part  by  the  National  Science  Foundation. 

2.  K.  G.  Hampton,  T.  M.  Harris,  and  C.  R.  Hauser,  J.  Org.  Chem.,  28,  1946  (1963); 
30,  61  (1965). 

3.  C.  R.  Hauser  and  T.  M.  Harris,  J.  Am.  Chem.  Soc.,  80,  6360  (1958). 

4.  R.  B.  Meyer  and  C.  R.  Hauser,  J.  Org.  Chem.,  25,  158  (1960). 

5.  F.  W.  Swamer  and  C.  R.  Hauser,  J .  Am.  Chem.  Soc.,  72,  1352  (1950). 

6.  N.  Green  and  F.  B.  LaForge,  J .  Am.  Chem.  Soc.,  70,  2287  (1948). 

7.  A.  Bongert,  Compt.  Rend..,  133,  820  (1901);  L.  Bouveault  and  A.  Bongert, 
Bidl.  Soc.  Chim.  France,  [3]  27,  1083  (1902);  Y.  K.  Yur’ev  and  Z.  V.  Belyakova, 
J.  Gen.  Chem.  USSR,  29,  1432  (1959). 

8.  R.  Levine,  J.  A.  Conroy,  J.  T.  Adams,  and  C.  R.  Hauser,  J.  Am.  Chem.  Soc., 
67,  1510  (1945). 
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OCTANAL 

«-C8Hi7I  +  (CH3)3N^O - >  n-CyHisCHO  +  (CH3)3NH  I- 

CHCI3 

Submitted  by  Volker  Franzen  1 

Checked  by  Claibourne  Smith  and  V.  Boekelheide 


1.  Procedure 

To  a  solution  of  30  g.  (0.4  mole)  of  anhydrous  trimethylamine 
oxide  (Note  1)  in  100  ml.  of  dry  chloroform  placed  in  a  250-ml. 
three-necked,  round-bottomed  flask  fitted  with  a  reflux  con¬ 
denser,  a  stirrer,  and  a  dropping  funnel  with  protection  against 
moisture  is  added  48.0  g.  (0.2  mole)  of  w-octyl  iodide  (Note  2) 
dropwise  with  stirring.  At  the  beginning  of  the  addition  the 
flask  is  warmed  to  40-50°  on  a  steam  bath  to  initiate  the  reaction. 
The  start  of  the  reaction  can  be  recognized  by  the  evolution  of 
heat,  and  the  rate  of  addition  can  then  be  adjusted  to  maintain 
the  temperature  around  50°.  Overall  the  addition  requires 
about  20-30  minutes.  When  addition  is  complete,  the  solution 
is  boiled  under  reflux  for  another  20  minutes.  Then  the  solution 
is  cooled,  and  110  ml.  of  2 N  aqueous  sulfuric  acid  solution  is 
added  with  stirring.  The  chloroform  layer  is  separated  and 
washed  successively  with  water,  IN  aqueous  sodium  carbonate 
solution,  and  again  with  water.  After  the  chloroform  solution 
has  been  dried  over  sodium  sulfate,  it  is  concentrated  under 
reduced  pressure,  and  then  the  residue  is  distilled.  The  first 
distillation  (Note  3)  is  carried  out  at  atmospheric  pressure  and 
gives  12.0-12.5  g.  of  a  crude  oil,  b.p.  155-165°.  Redistillation 
using  a  simple  Vigreux  column  gives  10.6-11.0  g.  (41.5-43%)  of  a 
colorless  oil,  b.p.  69-71°  (19  mm.),  w26 d  1.4167. 
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2.  Notes 

1.  Trimethylamine  oxide  is  normally  available  as  a  hydrate, 
and  for  the  present  preparation  it  is  necessary  to  convert  it  to  its 
anhydrous  form.  A  convenient  way  of  doing  this  is  as  follows. 
A  solution  of  45.0  g.  of  trimethylamine  oxide  dihydrate  (supplied 
by  Beacon  Chemicals)  is  dissolved  in  300  ml.  of  warm  dimethyl- 
formamide  and  placed  in  a  three-necked  flask  set  up  for  distilla¬ 
tion.  At  atmospheric  pressure  the  flask  is  heated  and  solvent 
distilled  off  until  the  boiling  point  reaches  152-153°.  Then  the 
pressure  is  reduced  using  a  water  aspirator,  and  the  remainder 
of  the  solvent  is  distilled.  At  the  end  of  the  distillation  the  tem¬ 
perature  of  the  bath  is  slowly  raised  to  120°.  The  residual 
anhydrous  trimethylamine  oxide  (30  g.)  can  be  dissolved  in  100 
ml.  of  chloroform  and  may  remain  in  the  same  flask  for  use  in 
the  present  preparation. 

2.  In  place  of  «-octyl  iodide  other  derivatives  such  as  w-octyl 
bromide,  w-octyl  ^-toluenesulfonate,  and  w-octyl  chlorosulfonate 
can  be  substituted;  the  submitter  reports  that  the  yields  of 
octanal  in  these  cases  are  comparable. 

3.  At  this  stage  the  product  is  a  waxy  semisolid,  presumably 
a  trimer  or  polymer  of  octanal,  and  the  higher  temperature  of  an 
atmospheric  distillation  is  needed  to  generate  the  monomeric 
octanal. 


3.  Methods  of  Preparation 

Octanal  has  been  prepared  by  the  reduction  of  caprylonitrile 
with  hydrogen  chloride  and  stannous  chloride,2  by  the  passage 
of  a  mixture  of  caprylic  acid  and  formic  acid  over  titanium 
dioxide  3  or  manganous  oxide,4  by  dehydrogenation  of  1-octanol 
over  copper,5  and  by  oxidation  of  1-octanol.6 

4.  Merits  of  the  Preparation 

The  conversion  of  alkyl  halides  to  aldehydes  is  a  synthetic  step 
of  broad  utility.  Earlier  procedures  for  such  conversions 
involving  the  use  of  dimethyl  sulfoxide  7  or  pyridine  N-oxide  8 
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have  worked  best  with  activated  alkyl  halides,  although  Korn- 
blum  has  described  a  modification  of  the  dimethyl  sulfoxide 
procedure  for  use  with  ordinary  aliphatic  halides.9  The  present 
procedure  using  trimethylamine  oxide  avoids  some  of  the  compli¬ 
cating  side  reactions  of  pyridine  N-oxide  and  is  useful  with 
ordinary  aliphatic  halides. 

1.  Max-Planck  Institute  for  Medical  Research,  Heidelberg,  Germany. 

2.  H.  Stephen,  J .  Chem.  Soc.,  127,  1875  (1925). 

3.  P.  Sabatier  and  A.  Maihle,  Compt.  Rend.,  154,  561  (1912). 

4.  P.  Sabatier  and  A.  Maihle,  Compt.  Rend.,  158,  985  (1914). 

5.  R.  H.  Pickard  and  J.  Kenyon,  J.  Chem.  Soc.,  99,  56  (1911). 

6.  R.  P.  A.  Sneeden  and  R.  B.  Turner,  J.  Am.  Chem.  Soc.,  77,  190  (1955). 

7.  N.  Kornblum,  J.  W.  Powers,  G.  J.  Anderson,  W.  J.  Jones,  H.  0.  Larson,  O. 
Levand,  and  W.  M.  Weaver,  J.  Am.  Chem.  Soc.,  79,  6562  (1957). 

8.  W.  Feely,  W.  L.  Lehn,  and  V.  Boekelheide,  J.  Org.  Chem.,  22,  1135  (1957). 

9.  N.  Kornblum,  W.  J.  Jones,  and  G.  J.  Anderson,  J.  Am.  Chem.  Soc.,  81,  4113 
(1959). 


PHENYLCYCLOPROPANE 
(Benzene,  cyclopropyl-) 


CH=CHCHO 


Submitted  by  R.  J.  Petersen  and  P.  S.  Skell  1 
Checked  by  Thomas  R.  Lynch  and  Peter  Yates 

1.  Procedure 

Caution!  This  reaction  should  be  carried  out  behind  a  safety 
screen. 


PHENYLCYCLOPROPANE 


99 


A  1-1.  three-necked  flask  is  fitted  with  a  reflux  condenser,  an 
addition  funnel,  and  a  thermometer.  It  is  charged  with  450  ml. 
of  95%  ethanol,  230  ml.  (236  g.)  of  85%  hydrazine  hydrate 
(Note  1),  and  several  porcelain  boiling  chips.  The  solution  is 
brought  to  reflux  with  a  heating  mantle.  Cinnamaldehyde 
(200  g.,  1.51  moles)  (Note  2)  is  added  dropwise  over  a  period  of 
45  minutes  to  the  refluxing  solution,  while  the  mixture  turns 
orange  because  of  the  formation  of  cinnamalazine  in  a  side  re¬ 
action  (Note  3).  After  an  additional  30  minutes  at  reflux,  the 
flask  is  fitted  with  a  simple  takeoff  head,  and  ethanol,  water,  and 
hydrazine  hydrate  are  slowly  removed  by  distillation.  After 
approximately  3  hours  the  pot  temperature  rises  to  200°,  and 
phenylcyclopropane  begins  to  codistil  with  the  last  of  the  hydra¬ 
zine  hydrate  (Note  4).  The  distillate  from  this  point  is  collected 
in  a  250-ml.  receiver,  the  main  fraction  coming  over  at  170-80°. 
When  the  pot  temperature  exceeds  250°,  the  decomposition  is 
essentially  complete  (Notes  5,  6). 

The  crude,  cloudy  distillate  (110-130  g.)  is  washed  twice  with 
100-ml.  portions  of  water  and  dried  over  anhydrous  potassium 
carbonate.  Distillation  at  reduced  pressure,  b.p.  60°  (13  mm.), 
79-80°  (37  mm.),  through  a  12-in.  Vigreux  column  gives  phenyl¬ 
cyclopropane  pure  enough  for  most  purposes;  yield  80-100  g. 
(45-56%),  n25 d  1.5309. 


2.  Notes 

1.  Matheson,  Coleman  and  Bell  technical  grade  85%  hydra¬ 
zine  hydrate  was  used. 

2.  Eastman  Organic  Chemicals  cinnamaldehyde  gave  satis¬ 
factory  results.  If  colorless  crystals  are  present  in  the  neck  of 
the  bottle  or  on  the  walls  above  the  liquid,  the  cinnamaldehyde 
is  seriously  contaminated  with  cinnamic  acid  and  should  be 
distilled  before  use.  A  small  amount  of  cinnamic  acid  apparently 
does  not  affect  the  yield  of  phenylcyclopropane. 

3.  Reversal  of  the  addition  procedure  results  in  formation  of 
cinnamalazine  as  a  major  product. 

4.  Earlier  investigators  employed  strong  bases  (sodium  hy¬ 
droxide,  potassium  hydroxide)  or  platinum  on  asbestos  to 
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catalyze  the  decomposition  of  5-phenylpyrazoline.  These 
catalysts  are  not  necessary  and  should  be  avoided  because  they 
also  cause  the  reduction  of  cinnamalhydrazone  to  propenyl- 
benzene.  Phenylcyclopropane  can  be  freed  from  propenyl- 
benzene  only  with  great  difficulty. 

5.  The  checkers  found  in  a  full-scale  run  that  the  pot  tempera¬ 
ture  had  to  be  raised  to  close  to  250°  before  the  onset  of  reaction, 
which  was  then  very  vigorous. 

6.  Pyrazoline  vapors  are  known  to  be  rather  flammable.  It  is 
advisable,  therefore,  to  cool  the  pyrolysis  flask  somewhat  before 
dismantling  the  apparatus.  The  syrupy  residue  in  the  flask  sets 
to  a  hard  mass  on  cooling;  it  can  be  removed  by  heating  under 
dimethylformamide  on  a  steam  bath  overnight. 

3.  Methods  of  Preparation 

Phenylcyclopropane  has  been  prepared  by  the  base-catalyzed 
decomposition  of  5-phenylpyrazoline  (33%), 2  by  the  reaction  of 
1,3-dibromo-l-phenylpropane  with  magnesium  (68 %),3  and  by 
the  reaction  of  3-phenylpropyltrimethylammonium  iodide  with 
sodium  amide  in  liquid  ammonia  (80%). 4  However,  the  method 
frequently  used  at  present  is  the  reaction  of  styrene  with  the 
methylene  iodide-zinc  reagent  (32 %).5 

4.  Merits  of  the  Preparation 

The  procedure  outlined  is  much  quicker  and  simpler  than 
previous  methods.  Starting  materials  are  readily  available,  and 
the  preparation  can  be  run  on  any  scale  in  the  length  of  a  day. 
Because  exclusion  of  a  basic  catalyst  eliminates  the  Wolff- 
Kishner  reduction  of  the  cinnamalhydrazone,  separation  of  the 
5-phenylpyrazoline  from  cinnamalhydrazone,  or  of  phenylcyclo¬ 
propane  from  propenylbenzene,  does  not  have  to  be  effected. 
The  present  procedure  can  also  be  used  to  convert  other  ring- 
substituted  cinnamaldehydes  -to  the  corresponding  arylcyclo- 
propanes. 

1.  Department  of  Chemistry,  The  Pennsylvania  State  University,  University 

Park,  Pennsylvania. 
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2.  S.  G.  Beech,  J.  H.  Turnbull,  and  W.  Wilson,  /.  Chem.  Soc.,  4686  (1952). 

3.  P.  J.  C.  Fierens  and  J.  Nasielski,  Bull.  Soc.  Chim.  Beiges,  71,  187  (1962). 

4.  C.  L.  Bumgardner,  J.  Am.  Chem.  Soc.,  83,  4420  (1961). 

5.  H.  E.  Simmons  and  R.  D.  Smith,  /.  Am.  Chem.  Soc.,  81,  4256  (1959). 


2-PHENYL- 5-OXAZOLONE 
(2-Phenyl-2-oxazolin-5-one) 


NHCH2COOH 

I 

c=o 

I 

C6H5 


(CH3C0)20 


CH2 — C  =  0  +  CH3COOH 

N.  0 

V 

I 

c6H5 


Submitted  by  G.  E.  VandenBerg,1  J.  B.  Harrison,2 
H.  E.  Carter,2  and  B.  J.  Magerlein  1 
Checked  by  William  G.  Dauben,  Noel  Vietmeyer, 
and  Steven  A.  Schmidt 


1.  Procedure 

A  mixture  of  537  g.  (3  moles)  of  hippuric  acid  (Note  1)  and 
1.6  1.  (17  moles)  of  acetic  anhydride  is  prepared  in  a  3-1.  three¬ 
necked,  round-bottomed  flask  fitted  with  a  sealed  stirrer,  a  reflux 
condenser  with  a  drying  tube,  a  thermometer,  and  a  nitrogen 
inlet  tube  (Note  2). 

In  a  nitrogen  atmosphere  the  reaction  mixture  is  heated  to 
80°  on  a  water  bath  over  a  period  of  40  minutes  with  stirring. 
The  solids  slowly  dissolve,  and  a  yellow-orange  solution  results 
(Note  3).  The  reaction  mixture  is  cooled  to  5°,  and  the  reflux 
condenser  is  turned  downward  for  distillation.  The  condenser 
is  cooled  with  a  circulating  fluid  maintained  at  —20°  to  —40° 
(Note  4).  The  receiver  is  immersed  in  dry  ice  and  acetone.  At 
1-3  mm.  pressure,  1.5  1.  of  distillate  is  collected  while  the  distil¬ 
lation  flask  is  kept  in  a  water  bath  maintained  at  50°  (Note  5). 
A  capillary  tube  is  used  to  bubble  nitrogen  through  the  reaction 
mixture  to  ensure  good  agitation.  The  distillation  residue  is 
dissolved  in  1  1.  of  f-butanol,  the  solution  scratched  to  encourage 
crystallization,  and  it  is  refrigerated  overnight.  The  crystals 
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are  collected  by  filtration  (Note  2).  The  filter  cake  is  washed 
with  a  minimum  volume  of  Cbutanol  and  then  with  Skellysolve 
B  (Note  6)  or  hexane.  The  moist  cake  is  slurried  with  Skelly¬ 
solve  B  or  hexane  under  a  nitrogen  atmosphere  (Note  7),  filtered, 
and  dried  to  constant  weight  under  vacuum  at  ambient  tempera¬ 
ture.  The  yield  of  light  buff  to  yellow  crystals,  m.p.  89-92°, 
is  320-328  g.  (66-68%). 


2.  Notes 

1.  The  checkers  ran  the  reaction  on  one-fifth  scale. 

2.  Exposure  to  air  produces  a  pink  to  red  product  of  lower 
melting  point  and  purity. 

3.  Temperature  control  is  important  in  order  to  obtain  a  high 
yield  of  light-colored  product.  Prolonged  heating  at  80°  is  to  be 
avoided. 

4.  Acetone,  cooled  by  passing  through  a  copper  coil  placed  in 
a  dry  ice-acetone  bath,  may  be  circulated  through  the  condenser. 
If  a  temperature  lower  than  -40°  is  used,  the  distillate  will 
freeze  in  the  condenser. 

5.  This  distillate  should  be  collected  within  about  1  hour,  as 
longer  distillation  time  diminishes  the  yield. 

6.  A  saturated  hydrocarbon  fraction,  b.p.  60-71°,  available 
from  the  Skelly  Oil  Company,  Kansas  City,  Missouri. 

7.  Alternatively,  the  moist  cake  may  be  recrystallized  by 
dissolving  in  hot  Cbutanol  (about  800  ml.)  and  diluting  with 
Skellysolve  B.  The  yield  is  then  about  40-50%  and  the  melting 
point  about  the  same  as  that  of  the  reslurried  product. 

3.  Methods  of  Preparation 

This  procedure  is  a  modification  of  the  original  method  of 
preparation  of  2-phenyl-5-oxazolone  3  which  has  since  appeared 
in  the  literature  in  various  forms.4"6  In  addition  to  the  use  of 
acetic  anhydride,  the  cyclization  of  hippuric  acid  to  2-phenyl-5- 
oxazolone  has  been  described  using  phosphorus  tribromide  7  and 
N  ,N  '-dicyclohexylcarbodiimide  .8 
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4.  Merits  of  the  Preparation 

This  procedure  offers  a  reproducible  method  for  the  prepara¬ 
tion  of  2-phenyl-5-oxazolone,  which  is  not  commercially  available. 
It  illustrates  that  strict  attention  to  detail  often  smooths  out  an 
erratic  procedure.  2-Phenyl-5-oxazolone  is,  of  course,  an  im¬ 
portant  intermediate  in  the  synthesis  of  a-amino  acids  and 
related  materials.6 

1.  Research  Laboratories,  The  Upjohn  Company,  Kalamazoo,  Michigan. 

2.  University  of  Illinois,  Urbana,  Illinois. 
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of  Penicillin,”  Princeton  University  Press,  Princeton,  New  Jersey,  1949,  p.  778. 

4.  M.  M.  Shemyakin,  S.  I.  Lur’e,  and  E.  I.  Rodionovskaya,  Zh.  Obshch.  Khim,  19, 
769  (1949)  [C.A.,  44,  1096  (1950)]. 
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REDUCTION  OF  ORGANIC  HALIDES. 

CHLOROBENZENE  TO  BENZENE 

C6H5C1  +  (CH3)2CHOH  +  Mg — >C6H6  +  (CH3)2CHOMgCl 

Submitted  by  D.  Bryce-Smith  and  B.  J.  Wakefield  1 
Checked  by  William  G.  Datjben  and  Louis  E.  Friedrich 

1.  Procedure 

To  a  250-ml.  round-bottomed  flask  fitted  with  a  glass-blade 
stirrer,  a  pressure-equalizing  dropping  funnel,  a  thermometer, 
and  a  reflux  condenser  equipped  with  a  nitrogen  bubbler  (Note  1) 
are  added  6.0  g.  (0.25  mole)  of  magnesium  powder  (Note  2), 
50  ml.  of  decahydronaphthalene  (Note  3),  and  a  crystal  of  iodine. 
The  flask  is  swept  with  nitrogen,  and  a  nitrogen  atmosphere  is 
maintained  throughout  the  reaction.  The  mixture  is  heated  to 
reflux  without  stirring,  and  from  the  dropping  funnel  there  is 
added  slowly  one-fifth  of  a  solution  of  11.3  g.  (0.1  mole)  of  chloro- 
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benzene  (Note  4)  and  9.0  g.  (0.15  mole)  of  dry  2-propanol. 
Reaction  is  almost  immediately  apparent  in  the  region  of  the 
iodine  crystal,  and  as  the  reaction  becomes  progressively  more 
vigorous  {ca.  15  minutes)  the  stirrer  is  started  and  the  external 
heating  is  reduced  (Note  5).  The  remainder  of  the  chloro¬ 
benzene  solution  is  added  over  a  30-minute  period;  this  rate  of 
addition  causes  the  mixture  to  reflux  gently  without  external 
heating.  An  additional  25  ml.  of  decahydronaphthalene  is  added 
to  facilitate  the  stirring,  and  the  mixture  is  heated  under  reflux 
for  one  additional  hour. 

To  the  cooled  mixture  6 N  hydrochloric  acid  is  added  dropwise 
with  stirring,  until  no  solid  remains.  The  organic  layer  is 
separated,  washed  four  times  with  30-ml.  portions  of  water 
(Note  6),  dried  over  powdered  calcium  chloride  (Note  7),  and 
distilled  through  a  1  X  15  cm.  column  packed  with  Fenske  helices 
(Note  8).  The  yield  of  benzene  is  5. 5-6. 5  g.  (70-83%),  b.p. 
80-82°,  n20D  1.5007.  The  fraction  boiling  at  82-180°  contains 
no  unreacted  chlorobenzene  (Notes  9,  10,  11). 


2.  Notes 

1.  To  minimize  loss  of  volatile  products  such  as  benzene,  it  is 
advisable  to  employ  a  dry  ice  condenser  on  top  of  the  con¬ 
ventional  condenser. 

2.  Magnesium  powder  (Grade  4)  from  Magnesium  Elektron, 
Inc.,  610  Fifth  Avenue,  New  York  20,  New  York,  or  from 
Magnesium  Elektron  Ltd.,  Manchester,  England,  was  employed 
within  six  months  of  the  date  of  its  grinding  by  the  manufacturer. 
The  use  of  older  or  coarser  material  may  lead  to  lengthened 
induction  periods,  particularly  when  chlorides  are  used. 

3.  Freshly  distilled  decahydronaphthalene  was  used.  With  the 
more  easily  reduced  halides,  and  where  the  boiling  point  of  the 
neutral  reduction  product  was  close  to  that  of  decahydronaptha- 
lene,  an  excess  of  2-propanol  was  used  as  the  reaction  medium. 
Other  hydrocarbons  and  secondary  or  tertiary  alcohols  may  be 
employed  for  convenience  in  particular  reductions.  Diethyl 
ether  and  tetrahydrofuran  were  not  found  to  be  generally  suitable 
media. 
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4.  The  checkers  found  it  necessary  to  distil  the  chlorobenzene 
just  before  use. 

5.  When  there  is  no  sustained  reaction  after  10  minutes, 
initiation  can  often  be  accomplished  by  the  addition  of  another 
crystal  of  iodine  (no  stirring)  and/or  a  small  amount  of  an 
easily  reduced  halide  such  as  1-bromobutane. 

6.  These  washings  remove  the  bulk  of  the  2-propanol. 

7.  This  drying  also  removes  the  last  traces  of  2-propanol. 

8.  The  checkers  used  a  Nester-Faust  44-cm.  spinning-band 
column. 

9.  This  procedure  has  been  used  to  effect  the  following  re¬ 
ductions  at  ca.  150°:  bromobenzene  to  benzene  (89%),  iodo- 
benzene  to  benzene  (95%),  1-chlorobutane  to  w-butane  (95%), 
2-chloro-2-methylbutane  to  2-methylbutane  (32%),  and  iso¬ 
propyl  chloroacetate  to  isopropyl  acetate  (63%). 

10.  The  following  reductions  have  been  carried  out  at  80°  with 
the  use  of  an  excess  of  2-propanol  as  the  reaction  medium  (see 
Note  3):  carbon  tetrachloride  to  methane  (47%),  1-bromonaph- 
thalene  to  naphthalene  (90%),  fl-bromostyrene  to  styrene  (72%), 
^-bromoaniline  to  aniline  (61%),  />-bromophenol  to  phenol  (66%), 
and  monochloroacetone  to  acetone  (30%). 

11.  Certain  halides,  notably  fluorides,  are  comparatively  inert 
under  these  reaction  conditions.  In  such  cases  the  entrainment 
method  can  be  used,  and  reduction  can  be  accomplished  in  the 
presence  of  a  reactive  halide  such  as  1-bromonaphthalene  or 
1-bromobutane.  Also  with  certain  halides,  such  as  chlorocyclo- 
hexane,  the  tendency  for  dehydrohalogenation  is  diminished  by 
the  use  of  such  entraining  agents. 

A  typical  example  is  the  following  reduction  of  chlorocyclo- 
hexane  to  cyclohexane.  The  general  procedure  is  employed  using 
8.0  g.  (0.33  mole)  of  magnesium  powder  in  decahydronaphthalene 
(50  ml.  +  20  ml.)  and  a  solution  of  6.0  g.  (0.05  mole)  of  chloro- 
cyclohexane,  10.4  g.  (0.05  mole)  of  1-bromonaphthalene,  and  18  g. 
(0.3  mole)  of  2-propanol.  The  product  fraction,  b.p.  78-80°,  is  a 
mixture  of  3.5  g.  (83%)  of  cyclohexane  and  0.4  g.  (10%)  of  cyclo¬ 
hexene.  The  olefin  is  removed  by  treatment  with  concentrated 
sulfuric  acid  in  the  usual  manner. 

Under  the  foregoing  conditions,  fluorocyclohexane  gives  cyclo- 
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hexane  (33%),  and  benzotrifluoride  gives  toluene  (10%);  fluoro- 
benzene  is  inert. 


3.  Methods  of  Preparation 

The  present  procedures  are  based  on  those  briefly  described 
by  the  submitters  in  conjunction  with  E.  T.  Blues,2  and  are 
based  on  the  observation  that  magnesium  does  not,  under  normal 
conditions,  readily  react  with  secondary  and  tertiary  alcohols  in 
the  absence  of  a  halogen  or  an  organic  halide;  little  or  no  hydrogen 
is  evolved  during  the  reduction.  Magnesium  reacts  readily  with 
primary  alcohols,  evolving  hydrogen,  and  the  system  is  much 
less  active  in  the  reduction  of  organic  halides.  2-Propanol  is 
recommended  as  a  general-purpose  alcoholic  component,  but 
other  secondary  and  tertiary  alcohols  can  also  be  employed. 

4.  Merits  of  the  Preparation 

Reduction  with  magnesium  and  2-propanol  provides  a  simple 
and  effective  procedure  for  the  reduction  of  alkyl  and  aryl 
chlorides,  bromides,  and  iodides;  with  an  entraining  agent  some 
alkyl  fluorides  are  attacked.  Groups  such  as  amino,  phenolic 
hydroxyl,  ester  carbonyl,  and  ethylenic  linkages  have  not  inter¬ 
fered.  Nitro  compounds  must  be  absent  as  they  inhibit  the 
reaction  with  magnesium.  Many  carbonyl  compounds,  for 
example,  ^-bromobenzophenone,  undergo  much  simultaneous 
reduction  of  the  carbonyl  groups,  but  acetone  was  obtained  in 
fair  yield  from  chloroacetone. 

1.  Department  of  Chemistry,  The  University,  Reading,  England. 

2.  D.  Bryce-Smith,  B.  J.  Wakefield,  and  E.  T.  Blues,  Proc.  Chem.  Soc.,  219  (1963). 
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m-THIOCRESOL  1 

WARNING 


Diazonium  xanthates  (ArN=NSCSOC2H5)  can  detonate, 
and  this  procedure  should  be  followed  carefully  to  ensure  de¬ 
composition  of  the  xanthate  as  it  is  formed.  Under  no  circum¬ 
stances  should  the  diazonium  solution  and  the  potassium  ethyl 
xanthate  be  mixed  cold  and  the  mixture  subsequently  heated. 
A  severe  detonation  has  been  reported  when  such  a  procedure 
was  employed  during  the  preparation  of  thiocresol. 

It  has  been  observed  2  that  the  dropwise  addition  of  an  aqueous 
solution  of  potassium  ethyl  xanthate  to  a  cold  (0°)  aqueous  solu¬ 
tion  of  diazotized  orthanilic  acid  results  in  the  immediate  loss  of 
nitrogen  when  a  trace  of  nickel  ion  is  present  in  the  stirred  dia¬ 
zonium  solution.3  The  catalyst  can  be  added  as  nickelous 
chloride  or  simply  by  using  a  nichrome  wire  stirrer.  When  no 
nickel  ion  is  added  and  a  glass  stirrer  is  employed,  the  diazonium 
xanthate  precipitates  and  requires  heat  (32°)  to  effect  decom¬ 
position. 

The  use  of  a  nichrome  stirrer  or  a  catalytic  amount  of  nickel 
ion  is  recommended  1  for  such  reactions  to  minimize  the  accu¬ 
mulation  of  diazonium  xanthate;  however,  the  catalytic  role  of 
nickel  ion  has  not  been  explored  with  other  diazonium  salts. 

1.  Org.  Syntheses,  Coll.  Vol.  3,  809  (1955). 

2.  William  E.  Parham  and  William  R.  Hasek,  unpublished  work. 

3.  William  R.  Hasek,  Ph.D.  Thesis,  The  University  of  Minnesota,  1953,  p.  121. 
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1-^-TOLYLC  Y  CLOPROPAN  OL 


C1CH2C0CH2C1  +  p-CH3C6H4MgBr 


C2H5MgBr 

FeCI3 


p-CH3C6H4 


COH 


Submitted  by  C.  H.  DePuy  and  R.  A.  Klein  1 
Checked  by  O.  Aniline  and  K.  B.  Wiberg 


1.  Procedure 


In  a  dry  3-1.  three-necked,  round-bottomed  flask  fitted  with 
an  efficient  reflux  condenser,  a  stirrer,  a  Y-tube  holding  a  1-1. 
and  a  250-ml.  addition  funnel,  and  protected  from  moisture  by 
calcium  chloride  tubes  is  placed  5.76  g.  (0.237  mole)  of  magnesium 
turnings  barely  covered  by  anhydrous  ether.  ^-Bromotoluene 
(40  drops)  and  ethyl  bromide  (20  drops)  are  added,  and  the 
reaction  starts  immediately.  ^-Bromotoluene  (35.0  g.,  0.205 
mole)  in  200  ml.  of  anhydrous  ether  is  added  at  such  a  rate  that 
reflux  is  maintained.  To  the  resultant  solution  of  />-methyl- 
phenylmagnesium  bromide  is  added,  over  a  1-hour  period,  a 
solution  of  25.4  g.  (0.200  mole)  of  dichloroacetone  in  200  ml.  of 
anhydrous  ether. 

At  the  same  time,  in  a  separate  2-1.  three-necked,  round- 
bottomed  flask  equipped  with  reflux  condenser,  stirrer,  and 
addition  funnel,  ethylmagnesium  bromide  is  prepared  from 
128.6  g.  (1.18  moles)  of  ethyl  bromide  and  30  g.  (1.23  moles)  of 
magnesium  in  800  ml.  of  anhydrous  ether.  When  the  reaction 
is  complete,  the  addition  funnel  is  replaced  by  a  rubber  stopper 
containing  a  short  glass  tube,  and  the  reflux  condenser  is  replaced 
by  an  exit  tube  lightly  plugged  with  a  small  amount  of  glass  wool. 
The  Grignard  reagent  solution  is  forced,  under  mild  nitrogen 
pressure,  through  the  glass  wool  plug  into  the  1-1.  addition  fun- 
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nel  (Note  1).  In  the  250-ml.  addition  funnel  is  placed  a  filtered 
solution  of  2.5  g.  (0.0154  mole)  of  anhydrous  ferric  chloride  in 
200  ml.  of  anhydrous  ether.  Stirring  is  resumed,  and  the  two 
solutions  are  simultaneously  added  to  the  dichloroacetone-/>- 
methylphenylmagnesium  bromide  solution  over  a  2-hour  period 
(Note  2).  Stirring  is  continued  for  an  additional  14  hours  under 
dry  nitrogen. 

The  reaction  mixture  is  added  to  a  slurry  of  1500  g.  of  ice  and 
600  ml.  of  2 N  hydrochloric  acid  saturated  with  ammonium 
chloride.  The  ether  layer  is  separated,  and  the  aqueous  layer  is 
extracted  three  times  with  200-ml.  portions  of  ether.  The  com¬ 
bined  organic  layers  are  washed  with  three  200-ml.  portions  of 
water  until  a  neutral  reaction  is  obtained  with  litmus  and  the 
wash  water  is  free  of  chloride.  The  solution  is  dried  over  anhy¬ 
drous  magnesium  sulfate  and  stored  in  a  refrigerator.  After 
evaporation  of  the  ether,  the  residue  is  distilled  at  a  low  pressure 
through  a  short  Vigreux  column  (Note  3).  The  fraction,  b.p. 
70-78°  (0.4  mm.)  (oil  bath  100-135°),  is  collected  to  give  15-17  g. 
(51-57%)  of  the  crude  carbinol  which  crystallizes  upon  standing 
in  an  ice  box.  The  product  is  recrystallized  from  pentane  (4  g. 
per  g.  of  alcohol)  in  an  ice-salt  mixture  to  give  the  pure  alcohol, 
m.p.  38-39°. 


2.  Notes 

1.  Since  the  ethyl  Grignard  reagent  is  used  in  large  excess,  no 
special  precautions  need  to  be  taken  in  the  transfer  to  prevent 
the  loss  of  small  amounts. 

2.  Large  volumes  of  gas  are  generated,  primarily  ethane  and 
ethylene,  from  the  disproportionation  of  the  ethyl  radicals  pro¬ 
duced  in  the  reaction  of  ethylmagnesium  bromide  with  ferric 
chloride.  The  reaction  should  be  carried  out  in  an  efficient  hood, 
or  else  a  tube  should  be  run  from  the  top  of  the  reflux  condenser 
to  a  hood. 

3.  1-Arylcyclopropanols  readily  rearrange  to  propiophenones 
under  the  influence  of  acids  and  bases.  In  carrying  out  the 
distillation,  care  must  be  taken  that  the  apparatus  is  clean 
and  neutral. 
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3.  Methods  of  Preparation 

The  method  is  that  of  DePuy  and  co-workers.2  No  other 
syntheses  of  1-arylcyclopropanols  have  been  reported. 


4.  Merits  of  the  Preparation 

The  procedure  can  be  adapted  to  the  preparation,  in  compa¬ 
rable  yield,  of  a  variety  of  1-substituted  cyclopropanols,  alkyl  as 
well  as  aryl. 

1.  Department  of  Chemistry,  University  of  Colorado,  Boulder,  Colorado. 

2.  C.  H.  DePuy,  G.  M.  Dappen,  K.  L.  Eilers,  and  R.  A.  Klein,  J.  Org.  Chem.,  29, 
2813  (1964). 


2-(/>-TOLYLSULFONYL)DIHYDROISOINDOLE 
(Isoindoline,  2-p-tolylsulfonyl-) 


^^XHzBr 


'CH2Br 


+  2NaH 


HCON(CH3)2 


2NaBr 


Submitted  by  J.  Bornstein  and  J.  E.  Shields  1 
Checked  by  Rosetta  McKinley  and  R.  E.  Benson 


1.  Procedure 

Caution!  This  reaction  should  be  carried  out  in  a  good  hood 
because  hydrogen  is  evolved  and  o-xylylene  dibromide  is  a  powerful 
lachrymator  ( Note  6). 

A  1-1.  three-necked  flask  is  fitted  with  an  efficient  stirrer 
(Note  1),  thermometer,  condenser,  and  a  pressure-equalizing 
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dropping  funnel  that  carries  an  inlet  for  admission  of  dry  nitrogen. 
The  entire  apparatus  is  dried  by  warming  with  a  soft  flame  as  a 
brisk  stream  of  nitrogen  is  passed  through  the  system.  The  flow 
of  nitrogen  is  reduced  to  a  slow  stream,  and  in  the  cooled  flask 
are  placed  18.9  g.  (0.42  mole)  of  53%  sodium  hydride  dispersed 
in  mineral  oil  (Note  2)  and  60  ml.  of  purified  dimethylformamide 
(Note  3).  The  mixture  is  stirred  at  room  temperature  and  a 
solution  of  34.2  g.  (0.20  mole)  of  ^-toluenesulfonamide  (Note  4) 
in  100  ml.  of  purified  dimethylformamide  is  added  dropwise  over 
a  period  of  1  hour.  The  resulting  suspension  is  stirred  at  room 
temperature  for  1  hour  and  then  at  60°  for  an  additional  hour 
(Note  5). 

A  solution  of  52.8  g.  (0.20  mole)  of  o-xylylene  dibromide 
(Note  6)  in  300  ml.  of  purified  dimethylformamide  is  added 
dropwise  with  stirring  at  such  a  rate  as  to  maintain  a  temperature 
of  60-70°  (Note  7).  Subsequently  the  reaction  mixture  is  stirred 
at  room  temperature  for  3  hours  and  then  poured  into  600  ml.  of 
ice  water  in  a  2-1.  Erlenmeyer  flask.  After  standing  at  room 
temperature  overnight  the  product  is  collected  by  suction  filtra¬ 
tion,  pressed  on  the  funnel,  and  washed  twice  with  100-ml. 
portions  of  water.  The  crude  product  is  air-dried  on  filter  paper 
for  2-3  hours  and  is  then  dissolved  in  1.2  1.  of  boiling  95%  ethanol. 
The  solution  is  filtered  through  a  heated  funnel,  and  the  filtrate 
is  refrigerated  overnight.  The  crystals  are  collected  on  a  Buchner 
funnel  and  washed  on  the  funnel  with  100  ml.  of  cold  95%  ethanol. 
The  product  is  dried  over  phosphorus  pentoxide  in  a  vacuum 
desiccator.  The  yield  of  white  crystals  of  2-(/>-tolylsulfonyl)- 
dihydroisoindole  is  41-46  g.  (75-84%),  m.p.  174-175°  (dec.). 

2.  Notes 

1 .  Either  a  paddle-type  sealed  stirrer  or  a  heavy-duty  magnetic 
stirrer  is  suitable. 

2.  Sodium  hydride  was  obtained  from  Metal  Hydrides  Divi¬ 
sion  of  Ventron  Corporation,  Beverly,  Massachusetts. 

3.  Dimethylformamide,  b.p.  152-154°,  purchased  from  Mathe- 
son,  Coleman  and  Bell,  was  stirred  for  5  minutes  with  solid 
potassium  hydroxide,  decanted,  shaken  briefly  with  lime,  filtered, 
and  distilled. 
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4.  Commercial  ^-toluenesulfonamide  of  high  purity  was  re¬ 
crystallized  from  water  and  dried  over  phosphorus  pentoxide  in 
a  vacuum  desiccator,  m.p.  134-135°. 

5.  It  is  necessary  to  maintain  vigorous  stirring  at  this  stage  to 
prevent  excessive  foaming  due  to  the  evolution  of  hydrogen. 

6.  Precautions  to  be  observed  in  handling  o-xylylene  dibromide 
are  described  in  Org.  Syntheses,  Coll.  Vol.  4,  984  (1963).  The 
dibromide  was  purchased  from  Eastman  Organic  Chemicals, 
recrystallized  from  95%  ethanol  (3  ml./g.),  and  dried  over 
potassium  hydroxide  in  a  vacuum  desiccator,  m.p.  89-91°. 

7.  Control  of  the  temperature  at  this  point  is  critical;  a 
deeply  colored  product  is  obtained  if  the  temperature  is  allowed 
to  exceed  70°.  The  addition  of  the  dibromide  requires  about 
1  hour. 


3.  Methods  of  Preparation 

2-(^-Tolylsulfonyl)dihydroisoindole  has  been  prepared  by 
alkylation  of  ^-toluenesulfonamide  with  o-xylylene  dibromide 
in  the  presence  of  sodium  methoxide  in  ethanol.2,  3 

4.  Merits  of  the  Preparation 

This  is  the  most  practical  procedure  for  the  preparation  of 
2-(^-tolylsulfonyl)dihydroisoindole.  It  is  superior  to  earlier 
ones  2t  3  because  it  is  more  convenient  and  affords  considerably 
higher  yields  (ca.  80%  versus  ca.  45%). 

The  method  illustrates  the  ability  of  the  sodium  hydride- 
dimethylformamide  system  to  effect  the  alkylation  of  aromatic 
sulfonamides  under  mild  conditions  and  in  good  yield.  The 
method  appears  to  be  fairly  general.  The  submitters  have 
prepared  N,N-diethyl-  and  N,N-di-«-butyl-/>-toluenesulfonamide 
as  well  as  2-(/>-tolylsulfonyl)benz[/]isoindoline  from  2,3-bis- 
(bromomethyl)  naphthalene,  and  l-(^-tolylsulfonyl)pyrrolidine 
from  1,4-dichlorobutane;  the  yield  of  purified  product  exceeded 
75%  in  each  case. 

The  reductive  cleavage  of  2-(^-tolylsulfonyl)dihydroisoindole 
to  1,3-dihydroisoindole  constitutes  the  most  convenient  syn- 
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thesis  of  this  heterocyclic  compound.3  The  sulfonamide  is  also 
useful  in  the  synthesis  of  isoindole.4 

1.  Department  of  Chemistry,  Boston  College,  Chestnut  Hill,  Massachusetts  02167. 

2.  G.  W.  Fenton  and  C.  K.  Ingold,  J.  Client.  Soc.,  3295  (1928). 

3.  J.  Bornstein,  S.  C.  Lashua,  and  A.  P.  Boisselle,  /.  Org.  Chem.,  22,  1255  (1957). 

4.  R.  Kreher  and  J.  Seubert,  Z.  Naturforsch.,  20b,  75  (1965). 


UNSOLVATED  n-BUTYLMAGNESIUM  CHLORIDE 


CH3CH2CH2CH2CI  +  Mg  _Methylcyclohexane>  CHsCHaCHaCHaMgCl 

(Note  1) 


Submitted  by  D.  Bryce-Smith  and  E.  T.  Blues  1 
Checked  by  William  E.  Parham  and  Siemen  Groen 


1.  Procedure 

In  a  250-ml.  round-bottomed  flask  fitted  with  a  glass-link  or 
Teflon  stirrer,  thermometer,  reflux  condenser  with  outlet  to  an 
oil  seal,  dropping  funnel,  and  inlet  for  nitrogen  (Notes  2,  3)  are 
placed  3.22  g.  of  magnesium  powder  (0.132  mole)  (Note  4) 
having  a  particle  size  of  64-76  n  (Notes  5,  6),  and  60  ml.  of 
methylcyclohexane  (Note  7).  The  apparatus  is  flushed  with 
nitrogen.  A  slow  stream  of  nitrogen  is  introduced,  and  the 
methylcyclohexane  is  heated  to  reflux  temperature  (Note  8). 

About  one-fifth  of  a  solution  of  9.26  g.  of  1-chlorobutane 
(0.1  mole)  (Notes  9,  10)  in  20  ml.  of  methylcyclohexane  is  added 
to  the  vigorously  stirred  refluxing  mixture.  Reaction  commences 
(gray  turbidity)  within  2-8  minutes  (Notes  5,  11),  and  the  re¬ 
mainder  of  the  halide  solution  is  then  added  steadily  over  about 
12  minutes  to  the  heated  mixture,  the  rate  being  adjusted  so 
that  the  inner  temperature  of  the  refluxing  mixture  does  not  fall 
appreciably  below  99-100°.  Stirring  and  heating  under  reflux 
are  continued  for  an  additional  15  minutes.  The  resulting  prod¬ 
uct  contains  approximately  0.073  mole  (73%  yield)  of  »-butyl- 
magnesium  chloride  as  determined  either  by  hydrolysis  to 
«-butane  (Notes  12,  13)  or  by  titration  (Note  14). 
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2.  Notes 

1.  The  empirical  formula  of  w-butylmagnesium  chloride  pre¬ 
pared  in  methylcyclohexane  cannot  readily  be  determined 
because  of  the  virtual  insolubility  of  the  reagent  in  this  medium. 
The  reagent  is  somewhat  more  soluble  in  aromatic  media  such 
as  toluene  or  isopropylbenzene,  and,  although  the  empirical 
formula  of  the  solute  may  initially  approach  C^gMgCl,  there 
is  a  tendency  for  precipitation  of  magnesium  chloride  from 
solution.  This  process  appears  to  be  catalyzed  by  traces  of 
alkoxides,  which  are  liable  to  be  formed  after  contact  of  oxygen 
with  the  solution.  In  practice,  products  will  tend  to  contain  less 
halogen  than  is  required  by  the  simple  formula  C^gMgCl.  The 
reagents  are  associated  (see  reference  2  for  a  fuller  discussion). 

2.  The  nitrogen  used  (British  Oxygen  Co.,  White  Spot)  con¬ 
tained  about  10  p.p.m.  of  oxygen  and  was  dried  by  passage 
through  a  glass  spiral  cooled  in  acetone  and  solid  carbon  dioxide. 
For  the  most  precise  work,  the  submitters  reduced  the  proportion 
of  oxygen  to  about  0.1  p.p.m.  by  scrubbing  the  nitrogen  with 
chromous  chloride  solution  in  a  Nilox  apparatus  (Southern 
Analytical  Ltd.,  Camberley,  Surrey,  England). 

3.  The  apparatus  should  preferably  be  baked  at  120°  for 
several  hours  immediately  before  use.  The  uppermost  region  of 
condensing  methylcyclohexane  should  not  be  cloudy;  if  it  is,  a 
few  milliters  should  be  allowed  to  distil. 

4.  The  yield  of  w-butylmagnesium  chloride  is  increased  to  80% 
(analyzed  by  evolution  of  w-butane)  if  twice  the  stated  amount 
of  magnesium  is  used. 

5.  Magnesium  powder  (grade  4,  Magnesium  Elektron  Ltd., 
Manchester,  England)  was  used  within  6  months  of  its  grinding 
by  the  manufacturer,  and  was  sieved  to  the  stated  particle  size. 
The  use  of  unsieved  material  often  gives  results  nearly  as  good, 
but  exact  reproducibility  is  more  difficult  because  of  variations 
of  the  particle  size  distribution  from  sample  to  sample.  In 
general,  the  more  freshly  ground  the  magnesium,  the  shorter  are 
the  induction  periods  before  reaction  and,  to  a  limited  extent, 
the  higher  are  the  yields  of  organomagnesium  product. 
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6.  Fresh  magnesium  turnings  for  Grignard  reaction  can  be 
used  if  suitable  powder  is  unavailable,  but  initiation  of  reaction 
is  likely  to  be  prolonged,  and  the  subsequent  addition  of  the 
halide  solution  should  occupy  at  least  30  minutes,  longer  if 
possible. 

7.  Methy Icy clohexane  is  purified  by  shaking  with  3  portions 
of  concentrated  sulfuric  acid,  washing  successively  with  water, 
sodium  carbonate  solution,  and  water,  drying  over  calcium 
sulfate  (Drierite),  and  distilling.  The  material  boiling  at  100- 
101°  is  used.  Other  nonsolvating  media  which  can  be  used  are 
toluene,  xylenes,  cumene,  tetralin,  light  petroleum  (b.p.  80°), 
decalin,  and  kerosene;  aliphatic  media  are  preferred,  for  reasons 
given  in  references  2,  3,  and  4. 

8.  The  rate  of  flow  of  nitrogen  should  be  just  sufficient  to 
maintain  a  positive  pressure  in  the  apparatus.  Too  rapid  a  flow 
leads  to  loss  of  1-chlorobutane. 

9.  1-Chlorobutane  is  purified  with  sulfuric  acid  as  for  methyl- 
cyclohexane  (Note  7),  dried  over  calcium  chloride,  and  fraction¬ 
ated.  A  middle  fraction  is  collected. 

10.  The  yield  of  product  is  increased  to  81%  (analyzed  by 
evolution  of  «-butane)  if  0.67  g.  (0.0033  mole)  of  aluminum 
isopropoxide  is  added  to  the  suspension  of  magnesium  before 
addition  of  the  halide  solution.  Alternatively,  an  equivalent 
amount  of  2-propanol  and  iodine  (giving  0.01  mole  of  C3H7OMgI) 
may  be  added.  These  modified  procedures  (particularly  the 
second)  also  shorten  the  induction  periods  and  render  unneces¬ 
sary  any  special  drying  of  the  reagents  and  apparatus  and  the 
use  of  fresh  magnesium. 

The  products  in  such  cases  contain  complexes  between  w-butyl- 
magnesium  chloride  and  the  particular  alkoxide  employed.  With 
the  stated  low  proportions  of  alkoxides,  these  complexes  broadly 
resemble  the  alkoxide-free  materials,  but  increased  proportions 
of  the  alkoxide  component  give  complexes  having  generally 
decreased  chemical  reactivity  (see  references  3  and  4). 

11.  The  reaction  generally  starts  without  addition  of  iodine 
as  an  initiator,  but  the  use  of  a  crystal  of  iodine  (no  stirring)  may 
occasionally  be  necessary  with  “old”  magnesium  or  insufficiently 
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dried  materials  or  apparatus.  A  slower  rate  of  addition  of 
1-chlorobutane  gives  slightly  higher  yields; 'for  example,  addition 
over  a  period  of  60  minutes  gave  yields  of  82-87%. 

12.  The  reflux  condenser  was  connected  by  an  adaptor  and 
Teflon  tube  to  a  trap  of  known  weight  which  was  cooled  by  a 
mixture  of  acetone  and  solid  carbon  dioxide.  The  flow  of  nitrogen 
was  stopped,  and  an  excess  of  water  (about  15  ml.)  was  added 
dropwise  through  the  dropping  funnel  to  the  stirred  reaction 
product.  The  resulting  mixture  was  heated  at  the  reflux  temper¬ 
ature,  and  the  butane  was  collected  in  the  trap.  The  weight  of 
butane,  b.p.  —1°  to  0°,  was  4.23-4.35  g.  (73-76%  yield). 

13.  The  submitters  have  detected  traces  of  trans- butene-2  and 
propylene  among  the  gases  (mainly  w-butane  and  hydrogen) 
formed  on  hydrolysis. 

14.  Sufficient  dry  ether  (approximately  100  ml.)  is  added  to 
bring  the  organomagnesium  products  into  solution.  Aliquot 
portions  of  the  solution  are  then  added  to  a  known  volume  of 
standard  hydrochloric  acid,  and  the  excess  acid  is  determined  by 
titration  with  standard  base.  Yields  determined  in  this  way 
tend  to  be  a  few  percent  higher  than  those  determined  by  collec¬ 
tion  of  w-butane  (Note  12). 


3.  Methods  of  Preparation 

The  method  is  an  extension  of  the  well-known  Grignard  syn¬ 
thesis  in  ethers  to  the  use  of  nonsolvating  media,  and  is  a  develop¬ 
ment  of  procedures  previously  reported.2-6  A  version  of  it  has 
been  employed  with  straight-chain  primary  alkyl  chlorides, 
bromides,  and  iodides  from  C2  to  C 14, 5-7  and  in  solvents  (or  an 
excess  of  the  halide)  which  permit  reaction  temperatures  above 
120°,  with  simple  aryl  halides  such  as  chlorobenzene  and  1-chloro- 
naphthalene.  Branched-chain  primary,  secondary,  and  ter¬ 
tiary  alkyl  halides,  allyl,  vinyl,  and  benzyl  halides  either  fail  to 
react  or  give  extensive  side  reactions.  Better  results  are  reported 
to  be  obtained  in  such  cases  with  the  use  of  catalytic  quantities 
of  a  mixture  of  an  alkoxide  and  an  ether  such  as  diethyl  ether  or 
tetrahydrofuran  in  a  hydrocarbon  medium,  but  the  products  are 
not,  of  course,  completely  unsolvated.4 
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4.  Merits  of  the  Preparation 

Unsolvated  organomagnesium  compounds  have  been  recom¬ 
mended  for  the  synthesis  of  organometallic  derivatives  of  mer- 
cury,  boron,  aluminum,  silicon,  germanium,  tin,  phosphorus, 
arsenic,  and  antimony 3- 6- 8  and  have  been  used  in  procedures  for 
the  alkylation  of  aromatic  rings  and  for  the  production  of  various 
polymerization  catalysts.4, 6i  9 

1 .  Chemistry  Department,  The  University,  Reading,  England. 

2.  D.  Bryce-Smith  and  G.  F.  Cox,  J.  Chetn.  Soc.,  1175  (1961). 

3.  E.  T.  Blues  and  D.  Bryce-Smith,  Chem.  Ind.  {London),  1533  (1960);  Brit. 
Patent  955,806  (1964). 

4.  D.  Bryce-Smith,  Bull.  Soc.  Chim.  France,  1418  (1963). 

5.  L.  I.  Zakharkin,  0.  Yu.  Okhlobystin,  and  B.  N.  Strunin,  Tetrahedron  Letters, 
631  (1962). 

6.  D.  Bryce-Smith  and  G.  F.  Cox,  J .  Chem.  Soc.,  1050  (1958). 

7.  F.  J.  Buescher,  A.  H.  Frye,  G.  J.  Goepfert,  and  V.  G.  Soukup,  Abstracts  of 
Papers  presented  at  the  Symposium  on  Current  Trends  in  Organometallic 
Chemistry,  University  of  Cincinnati,  June,  1963,  p.  10. 

8.  L.  I.  Zakharkin,  O.  Yu.  Okhlobystin,  and  B.  N.  Strunin,  Izv.  Akad.  Nauk 
SSSR,  Otd.  Khim.  Nauk,  2002  (1962). 
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Acetaldehyde,  45,  36 

Acetaldehyde  dipropylacetal,  45,  10 

Acetamidoacetone,  46,  1 

conversion  to  hydrochloride,  45,  1 

2-Acetamido-2-deoxy-D-glucose,  reac¬ 
tion  with  acetyl  chloride,  46, 1 

2-  Acetamido-3  ,4,  6-tri-O- acetyl-  2- 

DEOXY-a-D-GLUCOPYRANOSYL 
CHLORIDE,  46,  1 

3- Acetamine-2-butanone,  46,  2 

Acetic  acid,  reaction  with  bicyclo[2.2. 11- 
hep  ta-2, 5-diene,  45,  74 
reaction  with  dibenzyl  ketone,  47,  54 

Acetic  acid,  />-dimethylaminophenyl-, 
ETHYL  ESTER,  47,  69 

Acetic  anhydride,  condensation  with 
and  acetylation  of  glycine,  46,  1 
in  cyclization  of  o-formylphenoxy- 
acetic  acid  to  coumarone,  46,  28 
in  cyclization  of  hippuric  acid  to 
2-phenyl-5-oxazolone,  47,  101 
reaction  with  N-nitroso-N-phenyl- 
glycine  to  yield  3-phenylsydnone, 
46,  96 

3/3- Acetoxy-1 8-hydroxy- 1 8,20/3-oxido-5- 
pregnene,  oxidation  to  18,20-lac¬ 
tone,  46,  57 

3/3-Acetoxy-20/3-hydroxy-5-pregnene, 

45,  57 

conversion  to  3/3-acetoxy-18-iodo-  and 
- 1 8-hydroxy- 1 8, 20/3-oxido-5- 
pregnene,  46,  58 

3/3- Acetoxy- 1 8-iodo-l  8,20/3-oxido-5- 
pregnene,  oxidation  to  18,20- 
lactone,  46,  57 


3/3-Acetoxy-18-iodo-5-pregnene,  46,  58 
3/3-Acetoxy-5-pregnene-20-one,  reduc¬ 
tion  by  lithium  aluminum  tri-/- 
butoxyhydride,  45,  57 
Acetylacetone,  benzoylation  of,  46,  59 
/i-Acetylaminophenyl  isothiocyanate, 

46,  21 

Acetyl  chloride,  reaction  with  2- 
acetamido-2-deoxy-D-glucose,  46, 

1 

Acetylenes,  selective  reduction  to  olefins, 

46,  92 

Acetyl  fluoride,  46,  6 
N-Acetylglucosamine,  see  2-Acetamido- 
2-deoxy-D-glucose 

Acid  chlorides  from  D,L-10-camphorsul- 
fonic  acid,  46,  14 

Acid  fluorides  from  acid  chlorides  and 
hydrogen  fluoride,  46,  3 
Acylation  of  glycine  with  acetic  anhy¬ 
dride,  46,  1 

Addition,  acetic  acid  to  bicyclo[2.2.1]- 
hepta-2, 5-diene  to  give  nortri- 
cyclyl  acetate,  45,  74 
1,2,3-benzothiadiazole  1,1-dioxide  to 
cyclopentadiene,  47,  8 
benzyne  to  tetraphenylcyclopentadie- 
none,  46, 107 
Br,  F  to  1-heptene,  46, 10 
carbon  tetrachloride  to  olefins,  45, 
106 

chloroform,  to  CM,cM-l,5-cycloocta- 
diene  to  yield  2-(trichloromethyl) 
bicyclo[3.3.0]octane,  47,  10 
to  1-octene,  46,  104 
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Addition,  chloroform,  to  olefins  to  form 
1,1,3-trichloroalkanes,  45,  106 
chlorosulfonyl  isocyanate  to  isobutyl¬ 
ene  to  give  /3-iso  valerolactam-N- 
sulfonyl  chloride,  46,  51 
cyclohexylamine  to  silicon  tetraiso- 
cyanate,  46,  69 

2,6-dimethylaniline  to  silicon  tetraiso- 
thiocyanate,  46,  69 
N,a-diphenylnitrone  to  styrene,  46, 
127 

1,3-dipolar,  nitrones  to  olefins,  46, 

130 

hydroxylamine-O-sulfonic  acid  to  cy¬ 
clohexanone,  45,  83 
nitrosyl  chloride  to  bicyclo[2.2.1]- 
hepta-2, 5-diene,  46,  74 
phosphorus  pentachloride  to  styrene, 

46,  99 

C-(»-propyl)-N-phenylnitrone  to  N- 
phenylmaleimide,  46,  96 
semicarbazide  hydrochloride  to  ami- 
noacetone  hydrochloride,  45,  1 
tetraphenylcyclopentadienone  to  di¬ 
phenyl  acetylene,  46,  44 
Alcohols,  synthesis  of  equatorial,  47,  19 
Aldehydes,  aromatic,  synthesis  of,  47,  1 
/3-chloro-a,/3-unsaturated,  from  ke¬ 
tones  and  dimethylformamide- 
phosphorus  oxychloride,  46,  20 
from  alkyl  halides,  47,  97 
from  oxidation  of  alcohols  with  di¬ 
methyl  sulfoxide,  dicyclohexyl 
carbodiimide,  and  pyridinium 
trifluoroacetate,  47,  27 
Alkylation,  of  2-carbomethoxycyclo- 
pentanone  with  benzyl  chloride, 
46,7 

of  diethyl  ether,  46,  113 
of  dimethyl  ether,  46,  120,  122 
of  enamines  by  ketones,  46,  80 
of  ethyl  phenylacetate  with  (2-bromo- 
ethyl)benzene  and  sodium  amide, 

47,  72 

of  lithium  2,6-dimethylphenoxide,  46, 
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of  2,4-pentanedione,  with  1-bromobu- 
tane  to  yield  2,4-nonanedione, 

47,  92 


Alkylation,  of  2,4-pentanedione,  with 
methallyl  chloride  and  potassium 
carbonate,  47,  87 

of  />-toluenesulfonamide  by  o-xylylene 
dibromide  with  sodium  hydride 
in  dimethylformamide,  47,  110 
Aluminum,  triphenyl-,  46,  107 
Aluminum,  wool,  reaction  with  diphenyl- 
mercury  to  give  triphenylalumi- 
num,  46,  107 

Aluminum  chloride,  46,  109 

with  lithium  aluminum  hydride,  in 
reduction  of  l,4-dioxaspiro[4.5] 
decane,  47,  37 

in  reduction  of  4-Z-butylcvclohexa- 
none,  47,  16 

Aminoacetone  hydrochloride,  45,  1 
Aminoacetone  semicarbazone  hydro¬ 
chloride,  46,  1 

<?-Aminobiphenyl,  by  reduction  of  o- 
nitrobiphenyl,  46,  85 
diazotization  of,  and  conversion  of  o- 
azido-/>'-nitrobiphenyl,  46,  86 
from  diazoaminobenzene,  46,  88 
from  o-nitrobiphenyl,  46,  88 
from  o-phenylbenzamide,  46,  88 
2-Aminobiphenyl,  reaction  with  boron 
trichloride,  46,  66 

2-Amino-2-deoxy-D-glucose,  conversion 
of  hydrochloride  to  2-acetamido- 
2-deoxy-D-glucose,  46,  2 

1- (Aminomethyl)-cycloheptanol,  45,  31 

2- Amino-2-methyl-l-propanol  in  isola¬ 

tion  of  levopimaric  acid,  46,  64 
o-Amino-/>'-nitrobiphenyl,  by  nitration 
of  e-aminobiphenyl,  46,  86 
from  o,/>'-dinitrobiphenyl,  46,  88 
Amino-2-propanone,  semicarbazone 
HYDROCHLORIDE,  46,  1 
Ammonia,  reaction  with  3,4-dichloro- 
1,2,3,4-tetramethylcyclobutene, 
46,  36 

Ammonium  acetate,  reaction  with  tri¬ 
ethyl  orthoformate  to  give  form- 
amidine  acetate,  46,  39 
Ammonium  ^-chlorophcnyldithiocarba- 
mate,  45,  21 

Ammonolysis  of  triethyl  orthoformate, 

46,  39 
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Anhydrides,  preparation  with  phosgene 
and  triethylamine,  47,  91 
Anisole,  chlorination  with  sulfuryl 
chloride,  47,  23 

Apocamphanecarboxylic  acid,  2-oxo-, 

45,  55 

Apocamphane-1 -carboxylic  acid,  45,  56 
Apocamphan-2-ol-l-carboxylic  acid,  45, 
56 

Apparatus,  for  ketene  generation  from 
diketene,  46,  50 

for  large-scale  cooling  bath,  45,  30 
for  photochemical  reactions,  46,  91 
Vibromischer  for  stirring,  45,  9 
Aqueous  ammonia,  reaction  with  p- 
chloroaniline  and  carbon  disul¬ 
fide,  45,  19 

Aromatic  aldehydes.  Mesttat.de- 
hyde,  47,  1 
Azelaic  acid,  45,  31 

2- AZETIDINONE-4, 4-DIME  THYL-l-SULFO- 
NYL  CHLORIDE  AND  2-AZETIDI- 

none-4, 4-dimethyl,  46,  51 
2-Azetidinones,  preparation  of,  46,  56 
o-Azidobiphenyls,  decomposition  to  ni- 
trenes  and  cyclization  to  carba- 
zoles,  46,  88 

o-Azido-/>'-nitrobiphenyl,  cyclization  to 
2-nitrocarbazole,  46,  87 
from  t>-amino-/>'-nitrobiphenyl,  46,  86 

Benzaldehyde,  condensation  with  N- 
phenylhydroxylamine,  46, 127 
reaction  with  triphenylphosphine  and 
sodium  chlorodifluoroacetate,  47, 

50 

Benzaldehyde,  o-nitro-,  46,  81 
Benzaldehyde,  2, 4, 6- trimethyl-,  47, 1 
Benzaldehydes,  halogen-  and  methyl- 
substituted,  preparation  from 
diazonium  salts  and  formal- 
doxime,  46, 15 

Benzene,  from  reduction  of  chloroben¬ 
zene,  47,  103 

Benzene,  bromoethynyl,  45,  86 
Benzene,  cyclopropyl-,  47,  98 
Benzene,  hexaphenyl-,  46,  44 
Benzenesulfinic  acid,  methyl  ester, 

46,  62 
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Benzenesulfonic  anhydride,  46,  88 

Benzofuran,  46,  28 

Benzoic  acid,  2-phenylethyl  ester, 

47,  44 

Benzoin,  reaction  with  chloroform  to 
give  1,1,3-trichloro-w-nonane,  46, 

104 

Benzonitrile,  2-methyl-3,5-dinitro-, 

47,  56 

Benzophenone,  46,  36 
solvent  for  Diels-Alder  reactions  at 
elevated  temperatures,  46,  44 
1,2,3-Benzothiadiazole  1,1-dioxide, 

47,  4 

assay  by  adduct  formation  with  cyclo- 
pentadiene,  47,  8 
as  source  of  benzyne,  47,  9 
N-(2-Benzothiazolyl)urea,  46,  72 
Benzoylacetone,  disodium  salt,  46,  58 
reaction  with  methyl  anisate,  46,  58 
Benzoyl  chloride,  reaction  with  hydro¬ 
gen  fluoride,  46,  4 

reaction  with  2-phenylethylamine,  47, 

44 

Benzoyl  fluoride,  46,  3 
Benzoylhydrazine,  45,  85 
Benzoyl  peroxide,  as  catalyst  for  re¬ 
action  of  chloroform  with  cis,cis- 
1,5-cyclooctadiene,  47,  11 
reaction  with  diethyl  ethylmalonate, 
46,  37 

2-  B  enzy  1-2-carbomethoxy  cyclopenta- 
none,  45,  7 

hydrolysis  and  decarboxylation  by 
lithium  iodide  in  2,4,6-collidine, 

45,  8 

Benzyl-2-carbomethoxycyclopentanone 
from  2-carbomethoxycyclopenta- 
none  and  benzyl  chloride,  46,  8 
2-Benzylcyclopentanone,  45,  7 
N-Benzyloxycarbonylglycine,  45,  49 
Benzyltrimethylammonium  hydroxide 
as  catalyst  for  condensation  of 
benzil  with  dibenzyl  ketone,  46, 

45 

Benzylurea,  46,  72 

Benzyne,  from  decomposition  of  1,2,3- 
benzothiadiazole  1,1-dioxide,  47, 

9 
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Benzyne,  intermediate  in  preparation 
of  phenyl  /-butyl  ether,  46,  90 
methods  for  generation  of,  46,  112 
trapping  by  tetraphenylcyclopenta- 
dienone,  46,  112 

Bibenzyl,  <x,o:'-epoxy-,  2,2'-dichloro-, 

46,  31 

Bicyclo[2 .2 . 1  ]hepta-2, 5-diene,  nitrosyl 
chloride  adduct,  46,  74 
reaction  with  acetic  acid  to  yield 
nortricyclyl  acetate,  46,  74 
Bicyclohexyl,  46,  61 
Bicyclohexylidene,  47,  34 
e*O-CW-BlCYCLO[3.3.0]OCTANE-2-CAR- 
BOXYLIC  ACID,  47,  10 
Bicyclopentadienylidene,  octa- 
chloro-,  46,  93 

2-Biphenylylmagnesium  iodide,  46,  94 
2,2 '-Bipyridine,  46,  5 
2,2'-Bipyridines,  substituted,  from  al- 
kylpyridines,  46,  9 

2,2'-Biquinolines  from  substituted  quin¬ 
olines,  46,  9 

Bis(10,9-borazarophenanthryl)  ether,  as 
intermediate  in  preparation  of 
1 0-methy  1- 1 0,9-borazarophenan- 
threne,  46,  67 

reaction  with  methylmagnesium  bro¬ 
mide,  46,  67 

4,4/-Bis(dimethylamino)benzophenone 
as  sensitizer  for  butadiene  pho¬ 
tolysis,  47,  65 

A2’2-Bis(1,3-DIPHENYLIMIDAZOLIDINE), 

47,  14 

Bis  ( 1 ,3-DIPHENYLIMIDAZOLIDIN  YLIDENE- 

2),  47,  14 

as  a  “nucleophilic  carbene,”  47,  15 
Bornyl  chloride  46,  56 
Boron  fluoride  etherate,  reaction  with 
ether  and  epichlorohydrin  to 
form  triethyloxonium  fluoborate, 

46,  113 

Boron  trichloride,  reaction  with  2- 
aminobiphenyl,  46,  66 
Boron  trifluoride,  in  preparation  of  ni- 
tronium  tetrafluoroborate,  47,  56 
with  hydrogen  fluoride  in  isomeriza¬ 
tion  of  p- cymene  to  w-cymene, 

47,  41 


Bromination  of  7-butyrolactone,  46, 

22 

Bromine,  reaction  with  7-butyrolactone 
in  presence  of  red  phosphorus,  46, 
22 

reaction  with  phenylacetylene  in 
sodium  hydroxide  to  give  phenyl- 
bromoethyne,  46,  86 
N-Bromoacetamide,  as  reagent  for 
bromofluorination  of  1-heptene, 
46,  10 

Bromoacetyl  fluoride,  46,  6 
Bromobenzene,  reaction  with  potassium 
/-butoxide,  46,  89 

1-Bromobutane,  condensation  with  2,4- 
pentanedione  to  give  2,4-nonane- 
dione,  47,  93 

a-Bromo-y-butyrolactone,  46,  22 

dehyrobromination  to  A^-buteno- 
lide,  46,  23 

(2-Bromoethyl)benzene,  reaction  with 
ethyl  phenylacetate,  47,  72 
wc-Bromofluorides  from  olefins,  46,  12 
Bromofluorination  of  olefins,  46,  39 

1- Bromo-2-fluoroheptane,  46,  10 
N-Bromoimides,  46,  88 

2- B  romo-4-methylaniline,  diazotization 

of,  46,  13 

2-Bromo-4-methylbenzaldehyde,  46, 

13 

2-Bromo-4-methylbenzenediazonium 

chloride  from  2-bromo-4-methyl- 
aniline,  46,  13 

4-(m-Bromophenyl)-2-butanone,  47,  89 
4-(o-Bromophenyl)-2-butanone,  47,  89 
p-Bromophenyl  isothiocyanate,  46,  21 
N-Bromosuccinimide  in  bromination  of 
o-nitrotoluene  to  form  o-nitro- 
benzyl  bromide,  46,  81 
^-Bromotoluene,  conversion  to  Grignard 
reagent,  47, 108 
Butadiene,  46,  106 

photolysis  to  cis-  and  trans-  1,2-di- 
vinylcyclobutane,  47,  66 
Butadiyne,  diphenyl,  46,  39 
2-Butanone,  condensation  with  diethyl 
oxalate  and  sodium  ethoxide,  47, 
83 

Aa’0-BUTENOLIDE,  46,  22 


SUBJECT  INDEX 


123 


/-Butyl  alcohol  in  synthesis  of  phenyl 
/-butyl  ether,  46,  89 
/-Butyl  azidoacetate,  46,  47 
hydrogenation  of,  46,  47 
/-Butyl  chloroacetate,  reaction  with 
sodium  azide,  46,  47 
Zra«5-4-/-BuTYLCYCLOHEXANOL,  47,  16 
4-/-Butylcyclohexanone,  reduction  with 
lithium  aluminum  hydride  and 
aluminum  chloride,  47,  17 
/-Butyl  hypochlorite,  reaction  with  cy- 
clohexylamine,  46,  17 
/-Butylthiourea,  46,  72 
/-Butylurea,  46,  72 

2-Butyne,  reaction  with  chlorine  to  give 
3,4-dichloro-l,2,3,4-tetramethyl- 
cyclobutene,  46,  34 

n-Butyraldehyde,  condensation  with  N- 
phenylhydroxylamine,  46,  96 
w-Butyric  acid,  reaction  with  iron  pow¬ 
der  to  yield  4-heptanone,  47,  75 
Butyric  acid,  y-bromo-,  ethyl  ester, 
46,  42 

Butyric  acid,  2,4-diphenyl-,  ethyl 
ester,  47,  72 

7-Butyrolactone,  conversion  toa-bromo- 
7-butyrolactone  with  bromine, 

46 ,22 

reaction  with  hydrogen  bromide,  46, 

42 

n-Butyryl  fluoride,  46,  6 

Calcium  carbonate  as  support  for 
palladium  catalyst,  46,  90 
Calcium  hydride,  46,  58 
D,L-Camphor,  sulfonation  to  d,l-10- 
camphorsulfonic  acid,  46,  12 
10-Camphorchlorosulfoxide,  46,  56 
d,l-10-Camphorsuleonic  acid,  46, 12 
conversion  to  acid  chloride,  46,  14 
10-Camphorsulfonyl  chloride,  46,  56 
d,l-10-Camphorsulfonyl  chloride, 

46, 14 

oxidation  to  D,L-ketopinic  acid,  46,  55 
Caproyl  fluoride,  46,  6 
Carbazole,  2-nitro-,  46,  85 
Carbazoles  from  o-azidobiphenyls,  46, 88 
2-Carbethoxycyclodecanone,  47,  22 
2-Carbethoxycyclododecanone,  47,  22 


2-Carbethoxycyclohexanone,  46,  82 
2-Carbethoxycyclononanone,  47,  22 
2-Carbethoxycyclooctanone,  47,  20 
2-Carbomethoxycyclopentanone,  con¬ 
version  to  2-benzyl-2-carbometh- 
oxycyclopentanone,  46,  8 
Carbon  disulfide,  reaction  with  />-chloro- 
aniline  and  aqueous  ammonia, 
46,  19 

Carbonylation  of  alcohols  to  acids,  table 
of  examples,  46,  74 
Carboxylation,  by  formic  acid,  46,  74 
of  2-methylcyclohexanol  by  formic 
acid-sulfuric  acid  to  1-methyl- 
cyclohexanecarboxylic  acid,  46, 
72 

Carboxylic  acids  by  carboxylation  with 
formic  acid,  46,  74 
Catalyst,  palladium  (Lindlar),  46,  89 
Chloramine,  46,  18 

Chlorination  of  cyclohexylamine  with 
/-butyl  hypochlorite,  46,  16 
Chlorine,  reaction  with  2-butyne,  46, 
34 

a-Chloroacetamide,  reaction  with  oxalyl 
chloride  to  give  a-chloroacetyl 
isocyanate,  46,  16 

Chloroacetic  acid,  reaction  with  salicyl- 
aldehyde,  46,  28 
Chloroacetone,  46,  3 
Chloroacetyl  fluoride,  46,  6 
a-CHLOROACETYL  ISOCYANATE,  46,  16 
/>-Chloroaniline,  reaction  with  carbon 
disulfide  and  aqueous  ammonia, 
46, 19 

a-CHLOROANISOLE,  47,  23 
o-Chlorobenzaldehyde,  reaction  with 
hexamethylphosphorous  triam¬ 
ide  to  give  2,2'-dichloro-a,a'- 
epoxy bibenzyl,  46,  31 
Chlorobenzene,  reduction  with  magne¬ 
sium  and  2-propanol,  47,  103 
10-Chloro-10,9-borazarophenanthrene 
from  2-aminobiphenyl  and  boron 
trichloride,  46,  70 

1- Chlorobutane,  reaction  with  magne¬ 

sium,  47,  113 

2- CHLORO- 1  -C  YCLOHEXENEALDEH  YDE, 

46, 18 
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N-Chlorocyclohexylideneimine,  46, 

16 

a-Chloro  ethers  as  intermediates  in  de- 
methylation  of  anisoles,  47,  24 
Chloroform,  reaction  with  cis,cis- 1,5- 
cyclooctadiene,  47,  10 
reaction  with  1-octene  to  give  1,1,3- 
trichloro-«-nonane,  46,  104 
2-Chloro-1-formyl-1-cyclohexene, 

46, 18 

4-Chloro-3-hydroxybutyronitrile,  by¬ 
product  in  preparation  of  3- 
hydroxyglutaronitrile,  46,  49 
3-hydroxyglutaronitrile  from,  46,  49 
1-Chloro-l-methylcyclohexane  as  pre¬ 
cursor  of  1-methylcyclohexane- 
carboxylic  acid,  46,  73 
Chloromethyl  phenyl  ether,  47, 

23 

Chloromethylphosphonic  dichloride,  re¬ 
action  with  tetraphosphorus 
decasulfide,  46,  21 

Chloromethylphosphonothioic  di¬ 
chloride,  46,  21 

4-(m-Chlorophenyl)-2-butanone,  47,  89 
4-(o-Chlorophenyl)-2-butanone,  47,  89 
4-(/>-Chlorophenyl)-2-butanone,  47,  89 
^-Chlorophenyldithiocarbamate,  46,  20 
^-Chlorophenyl  isothiocyanate,  46, 
19 

precautions  in  use  of,  46,  19 
Chloropyrosulfonyl  isocyanate,  as  inter¬ 
mediate  in  preparation  of  chloro- 
sulfonyl  isocyanate,  46,  24 
Chlorosulfonyl  isocyanate,  46,  23 
precautions  with,  46,  51 
reactions  of,  46,  27 
reaction  with  isobutylene,  46,  52 
Cholane-24-al,  47,  25 
Cholane-24-al  2,4-dinitrophenylhydra- 
zone,  47,  26 

Cholane-24-ol,  oxidation  with  dimethyl 
sulfoxide,  dicyclohexylcarbo-di- 
imide,  and  pyridinium  trifluoro- 
acetate,  47,  25 

Chromatography,  apparatus  for  con¬ 
tinuous,  46,  67 

Chromium  trioxide,  for  oxidation  of  cy- 
clooctanol,  46,  28 


Chromium  trioxide,  in  oxidation  of  18- 
iodo-  and  1 8-hydroxy- 1 8,20/9- 
oxido-5-pregnene  to  18,20-lac¬ 
tone,  46,  59 

in  oxidation  of  o-nitrotoluene  to  o- 
nitrobenzaldehyde,  46,  83 
in  oxidation  of  nortricyclanol,  46, 
77 

Chrysene,  46,  95 
Cinnamaldehyde,  46,  36 

reaction  with  hydrazine,  47,  99 
2,4,6-Collidine  in  hydrolysis  of  esters  to 
acids,  46,  8 

Condensation,  of  2-aminobiphenyl  with 
boron  trichloride,  46,  65 
of  a-chloroacetamide  with  oxalyl 
chloride,  46,  16 

of  cyclohexanone,  with  dimethyl- 
formamide-phosphorus  oxychlo¬ 
ride,  46,  18 

with  triethyl  phosphonoacetate  to 
yield  ethyl  cyclohexylideneace- 
tate,  46,  44 

of  cyclooctanone  and  diethylcarbon- 
ate  with  sodium  hydride,  47,  20 
of  dibenzyl  ketone  and  acetic  acid 
with  polyphosphoric  acid,  47,  54 
of  dichloromethylenetriphenylphos- 
phorane  with  N,N-dimethyl- 
aminobenzaldehyde,  46,  33 
of  dichloromethyl  methyl  ether  with 
mesitylene  to  yield  mesitalde- 
hyde,  47,  1 

of  diethyl  ethylmalonate  with  benzoyl 
peroxide,  46,  37 

of  diethyl  succinate  with  sodium 
ethoxide,  46,  25 

of  NjN'-diphenylethylenediamine 
with  triethyl  orthoformate,  47, 

14 

of  disodio  benzoylacetone  with  methyl 
anisate,  46,  57 

of  formaldoxime  with  arenediazonium 
salts  to  yield  aldehydes,  46,  13 
of  methyl  anthranilate  and  2,5-di- 
methoxytetrahydrofuran,  47,  81 
of  o-nitrobenzylpyridinium  bromide 
with  />-nitrosodimethylaniline, 
46,  81 
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Condensation,  of  phosphorus  trichloride 
with  dimethylamine,  46,  42 
of  salicylaldehyde  with  chloroacetic 
acid,  46,  28 

of  sodium  2-methoxyethoxide  with 
vinylidene  chloride,  47,  78 
of  triethyl  orthoformate  with  am¬ 
monium  acetate,  46,  39 
of  triphenylphosphine  with  chloro¬ 
form,  45,  33 

Coumalic  acid,  decarboxylation  of,  ap¬ 
paratus  for,  46,  102 
to  give  a-pyrone,  46,  101 
purification  of,  46,  102 
Coumarilic  acid,  46,  29 
Coumarone,  46,  28 

Coupling,  reductive,  of  o-chlorobenzal- 
dehyde  by  hexamethylphosphor- 
ous  triamide  to  give  2,2 '-di- 
chloro-a,  a  '-epoxy  bibenzyl,  46,  31 
7-Crotonolactone,  45,  22 
Cupric  acetate  in  coupling  of  phenyl- 
acetylene,  45,  39 
Cyanogen  bromide,  46,  88 
Cyanogen  chloride,  in  preparation  of 
chlorosulfonyl  isocyanate,  46,  24 
reaction  with  sulfur  trioxide,  46,  24 
Cyclization,  o-azido-//-nitrobiphenyl  to 
2-nitrocarbazole,  46,  85 
o-formylphenoxyacetic  acid  to  couma¬ 
rone,  46,  28 

hippuric  acid  to  2-phenyl-5-oxazolone, 

47,  101 

1- (£-methoxyphenyl)-5-phenyl- 1,3,5- 

pentanetrione  to  2-(^>-methoxy- 
phenyl)-6-phenyl-4-pyrone  by 
sulfuric  acid,  46,  60 

2- (3'-oxobutyl)-cyclohexanone  to 

A1(9)-octalone,  46,  80 
N-nitroso-N-phenylglycine  to  N- 
phenylsydnone,  46,  96 
Cyclobutanecarboxylic  acid,  reaction 
with  hydrazoic  acid,  47,  28 
Cyclobutene,  1,2,3,4-tetramethyl-3,- 
4-dichloro-,  46,  34 
reactions  of,  46,  36 
Cyclobutylamine,  47,  28 
Cyclobutyl  isocyanide,  46,  77 
Cycloheptanone,  45,  31 


1.3- Cyclohexadiene,  47,  31 

2.4- Cyclohexadiene-1-one,  2,6,6-tri¬ 

methyl-,  46, 115 

Cyclohexadienones,  substituted,  prepa¬ 
ration  of,  46,  119 
reactions  of,  46,  119 
Cyclohexane  from  reduction  of  chloro- 
cyclohexane,  47,  105 
A^a-CYCLOHEXANEACETIC  ACID,  ETHYL 
ESTER,  45,  44 

Cyclohexanecarboxylic  acid,  1- 
METHYL-,  46,  72 

1.4- Cyclohexanedione,  46,  25 
Cyclohexanimine,  N-chloro-,  46, 16 
Cyclohexanol  acetate,  46,  61 
Cyclohexanol,  4-/- butyl,  trans-,  47, 

16 

Cyclohexanone,  45,  18,  27,  36,  82 
reaction  with  dimethylformamide 
and  phosphorus  oxychloride,  46, 

18 

reaction  with  1,2-ethanediol,  47,  37 
reaction  with  hydroxylamine-O-sul- 
fonic  acid  and  ammonia  to  yield 
3,3-pentamethylenediaziridine, 

46,  83 

reaction  with  sodium  triethyl  phos- 
phonoacetate  to  yield  ethyl  cyclo- 
hexylideneacetate,  45,  45 
Cyclohexene,  bromination  of,  47,  32 
2-Cyclohexenol,  46,  32 
2-Cyclohexenone,  46,  32 
Cyclohexyl  allophanamide,  46,  72 
Cyclohexylamine,  46,  85 
reaction  with  /-butyl  hypochlorite,  45, 
16 

reaction  with  silicon  tetraisocyanate 
to  yield  cyclohexylurea,  46,  69 
Cyclohexylhydrazine,  46,  85 
N-Cyclohexylideneaniline,  46,  18 
Cyclohexylidenecyclohexane,  47, 34 
Cyclohexyl  isocyanate,  46,  72 
2-Cyclohexyloxyethanol,  47,  37 
Cyclohexylurea, 45,  69 
m,CM-l,5-Cyclooctadiene,  reaction  from 
chloroform,  47,  10 

Cyclooctanol,  oxidation  by  chromium 
trioxide  to  cyclooctanone,  46,  29 
Cyclooctanone,  46,  28 
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Cyclooctanone,  condensation  with  di¬ 
ethyl  carbonate,  47,  20 
Cyclopentadiene,  adduct  formation  with 
1,2,3-benzothiadiazole  1,1-diox¬ 
ide,  47,  8 

Cyclopentadienylsodium,  reaction  with 
dimethylformamide-dimethyl 
sulfate  complex,  47,  53 
1,3-Cyclopentanedione,  2-methyl-, 

47,  83 

Cyclopropanols,  synthesis  of  1 -substi¬ 
tuted,  47,  110 
tw-Cymene,  47,  40 

p- Cymene,  isomerization  to  m-cymene, 

47,  41 

Deamination  or  amines.  2-Phenyl- 

ETHYL  BENZOATE  VIA  THE  NITRO- 
SOAMIDE  DECOMPOSITION,  47,  44 
Decachlorobi-2,4-cyclopentadienyl,  de¬ 
chlorination  by  triisopropyl  phos¬ 
phite,  46,  93 
a-Decalones,  46,  82 
Decanoyl  fluoride,  46,  6 
Decarboxylation,  in  formation  of  couma- 
rone  from  o-formylphenoxyacetic 
acid,  46,  28 

of  coumalic  acid  to  give  a-pyrone, 

46, 101 

of  diphenyliodonium-2-carboxylate, 

46,  107 

Dechlorination  of  decachlorobi-2,4- 
cyclopentadienyl  to  perchloro- 
fulvalene,  46,  93 

Dehydration  of  N-methylformamide  by 
/>-toluenesulfonyl  chloride  quino¬ 
line  to  form  methyl  isocyanide, 

46,  75 

Dehydrobenzene,  see  Benzyne 
Dehydrogenation  of  3,3-pentamethyl- 
enediaziridine  to  3,3-penta- 
methyleneazarine  with  silver 
oxide,  46,  83 

Dehydrohalogenation,  of  cyclohexane- 
carbonyl  chloride  to  dispiro- 
[5 . 1 . 5 . 1  ]  tetradecane-  7, 1 4-dione, 

47,  34 

of  1,2-dibromocyclohexane  to  1,3- 
cyclohexadiene,  47,  31 


Dehydrohalogenation,  of  a,a'-dibromo- 
dibenzyl  ketone,  47,  62 
of  N,N-dichlorocyclohexylamine  to 
N-chlorocyclohexylideneimine, 

46,  16 

2.5- Diacetoxy-2,5-dihydrofuran,  46,  24 

1.2- Dialkenylcyclobutanes  from  pho¬ 

tolysis  of  1,3-dienes,  47,  68 
a, a  -Diamino-m-xylene,  reaction  with 
hexamethylenetetramide  to  yield 
isophthalaldehyde,  47,  76 

1.2- Dianilinoethane,  see  N^^Diphenyl- 

ethylenediamine 

Diazomethane,  reaction  with  2,4,6-tri- 
nitrobenzenesulfonic  acid  and 
dimethyl  ether,  46,  122 
Diazonium  xanthates,  detonation  of,  47, 
107 

Diazotization  of  o-amino-^'-nitrobiphe- 
nyl,  46,  86 

DiBENz[c,e][l ,2]azaborine,  5,6-dihy- 
DRO-6-METHYL-,  46,  65 
Dibenzyl  ketone,  bromination  of,  47, 

62 

reaction  with  acetic  acid,  47,  55 
Dibenzylthiourea,  46,  72 
a,7-Dibromobutyryl  bromide,  46,  23 

1 .2-  Dibromocyclohexane,  dehydrobro- 

mination  to  1,3-cyclohexadiene, 

47,  31 

preparation  from  cyclohexene,  47,  32 
a,o/-Dibromodibenzyl  ketone,  from  bro¬ 
mination  of  dibenzyl  ketone,  47, 

62 

reaction  with  triethylamine,  47,  62 

1.2- Dibromostyrene,  46,  87 

2.5- Dicarbethoxyl-l,4-cyclohexane- 

dione,  46,  25 

conversion  to  1 ,4-cyclohexanedione, 

46,  25 

Dichloroacetyl  fluoride,  46,  6 

2.6- Dichlorobenzaldehyde,  46,  36 
Dichlorocarbene,  from  phenyltrichloro- 

methylmercury,  46,  100 
reaction  with  triphenylphosphine,  46, 
35 

N,N-Dichlorocyclohexylamine,  46,  16 
reaction  with  potassium  acetate,  46, 

17 
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Dichlorocyclopropanes  from  olefins  and 
phenyltrichloromethylmercury, 
46, 100 

/3,/S-Dichloro-/>-dimethylaminosty- 
RENE,  46,  33 

1 ,4-Dichloro- 1 ,4-dini  trosocyclohexane, 

46,  28 

2,2'-DlCHLORO-a,a'-EPOXYBIBENZYL,  46, 

31 

N,N-Dichloroisopropylamine,  46,  3 
2-(Dichloromethylene)bicyclo[3.3.0]oc- 
tane,  as  by-product  in  prepara¬ 
tion  of  e.ro-cM-bicyclo[3.3.0]  oc- 
tane-2-carboxylic  acid,  47,  12 
Dichloromethylenetriphenylphos- 

PHORANE,  46,  33 

Dichloromethyl  methyl  ether,  47, 47 
in  preparation  of  aromatic  aldehydes, 

47,  2 

reactions  of,  47,  48 
reaction  with  mesitylene,  47,  1 
2,6-Dichloro- 1 ,4,3,5-oxathiadiazine-4,4- 
dioxide  as  intermediate  in  prepa¬ 
ration  of  chlorosulfonyl  isocya¬ 
nate,  46,  24 

.syw-Di- />-chlorophenyl  thiourea,  46,  21 

1 .3- Dichloro-2-propanol,  3-hydroxyglu- 

taronitrile  from,  46,  49 

1.3- Dichloro-2-propanone,  reaction  with 

/>-methylphenylmagnesium  bro¬ 
mide,  47,  108 

3.4- Dichloro-1,2,3,4-tetramethyl- 

CYCLOBUTENE,  46,  34 
Dicyclohexylcarbodiimide  in  oxidation 
of  cholane-24-ol  with  dimethyl 
sulfoxide  and  pyridinium  trifluor- 
oacetate,  47,  25 

Diethyl  acetamidomalonate  ( Cor¬ 
rection ),  46,  32 

4-Diethylamino-2-butanone,  46,  82 
2-Diethylaminomethylcyclohexanone, 

46,  82 

Diethylammonium  chloride,  reaction 
with  chloroform  to  give  1,1,3- 
trichloro-w-nonane,  46,  104 
Diethylazelate,  46,  31 
Diethylbenzene  as  solvent  for  decom¬ 
position  of  diphenyliodonium-2- 
carboxylate  in  preparation  of 
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1 .2.3.4- tetraphenylnaphthalene, 

46,  109 

Diethyl  [0-benzoyl]ethyltartron- 
ate,  46,  37 

Diethyl  bicyclo[2.2.2]octane-2,5-dione- 

1.4- dicarboxylate,  46,  27 
Diethyl  carbonate,  condensation  with 

cyclooctanone,  47,  20 
Diethyl  ethylmalonate,  reaction  with 
benzoyl  peroxide,  46,  37 
reaction  with  sodium  hydride,  46,  37 
Diethyl  oxalate,  condensation  with  2- 
butanone  and  sodium  ethoxide, 

47,  83 

Diethyl  succinate,  reaction  with  sodium 
1  ethoxide,  46,  25 

1.1- Difluoro-2-(2-furyl) ethylene,  47,  52 

1.1- J9ifluoro-l-octene,  47,  52 

1 . 1- Difluoro-2-phenylethylene,  47, 

49 

/8,/S-Difluorostyrene,  47,  49 

2.3- Dihydroxy-4-butyrolactone,  46,  24 
Diisopropylcarbodiimide,  46,  98 
Diketene,  pyrolysis  to  ketene,  46,  50 

2.4- Diketones,  alkylation  at  the  1-posi- 

tion  with  alkyl  halides,  47,  95 

1.2- Dimethoxyethane,  purification  of, 

46,  58 

by  distillation  from  lithium  alumi¬ 
num  hydride,  46,  99 

2. 5- Dimethoxytetrahydrofuran,  reaction 

with  methyl  anthranilate  to  yield 
1  -  (2-methoxy  carbonylpheny  1) 
pyrrole,  47,  81 

Dimethylamine,  reaction  with  phos¬ 
phorus  trichloride,  46,  42 
/>-Dimethylaminobenzaldehyde,  conver¬ 
sion  to  /3,/3-dichloro-/>-dimethyl- 
aminostyrene,  46,  34 
w-Dimethylaminobenzoic  acid,  47,  71 
/>-Dimethylaminobcnzoic  acid,  47,  71 
6-(Dimethylamino)fulvene,  47,  52 
/'-Dimethylaminophenylacetic  acid,  47, 
71 

N-(/>-Dimethylaminophenyl)-a-(o-nitro- 
phenyl)  nitrone  from  reaction  of 
o-nitrobenzylpyridinium  bromide 
and  />-nitrosodimethylaniline,  46, 
82 
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o-Dimethylaminotoluene,  47,  71 
/>-Dimethylaminotoluene,  47,  71 

2,6-Dimethylaniline,  reaction  with  sili¬ 
con  tetraisothiocyanate  to  yield 

2,6-dimethylphenylthiourea,  45, 
70 

Dimethylazelate,  46,  31 

3.5- Dimethyl-l-carbamylpyrazole,  46, 

72 

Dimethylchlorophosphine,  46,  103 

6.6- Dimethyl-2,4-cyclohexadienone,  46, 

119 

2.6- Dimethyl-3,5-diphenyl-4H-pyran- 

4-one,  47,  54 

Dimethyl  ether,  methylation  by  diazo¬ 
methane  and  2,4,6-trinitroben- 
zenesulfonic  acid  to  form  tri- 
methyloxonium  2,4,6-trinitroben- 
zenesulfonate,  46,  123 
reaction  with  triethyloxonium  fluo- 
borate,  46,  120 

Dimethylformamide,  reaction  with  di¬ 
methyl  sulfate,  47,  52 
reaction  with  phosphorus  oxychloride 
and  cyclohexanone,  46,  18 
Dimethylformamide-dimethyl  sulfate 
complex,  preparation  of,  47, 

52 

reaction  with  cyclopentadienylsodium, 

47,  53 

2.6- Dimethylphenylthiourea,  46,  70 
Dimethylphosphine,  46,  103 
Dimethylphosphinic  acid,  46,  103 
Dimethylphosphinyl  chloride,  46,  103 
Dimethyl  sulfate,  reaction  with  di¬ 
methylformamide,  47,  52 

Dimethyl  sulfoxide  in  synthesis  of 
phenyl  i-butyl  ether,  46,  89 
10,10-Dinitrocamphan-2-ol,  46,  56 

1.4- Dinitrocyclohexane,  46,  28 
Dinitrogen  tetroxide  in  nitrosation  of 

N-(2-phenylethyl)benzamide,  47, 
45 

2.4- Dinitrophenylhydrazine  reagent,  46, 

29 

3.5- Dinitro-o-tolunitrile,  47,  56 
Dioxane,  purification  by  distillation 

from  lithium  aluminum  hydride, 

46,  81 


l,4-Dioxaspiro[4.5]decane,  from  cyclo¬ 
hexanone  and  1,2-ethanediol,  47, 

37 

reduction  to  2-cyclohexyloxyethanol 
with  lithium  aluminum  hydride- 
aluminum  chloride,  47,  38 
Diphenylacetylene,  addition  to  tetra- 
phenylcyclopentadienone,  46, 

45 

from  fraws-stilbene,  46,  46 
trans- 1 ,4-Diphenyl-but- 1  -en-3-yne,  46, 
41 

Diphenylcyclopropenone,  47,  62 
Diphenyldiacetylene,  46,  39 
Diphenyl  disulfide,  oxidation  to  methyl 
benzenesulfinate,  46,  62 
1,1-Diphenylethylene,  reaction  with 
N,a-diphenylnitrone,  46,  129 
NjN'-Diphenylethylenediamine,  con¬ 
densation  with  triethyl  ortho¬ 
formate,  47,  14 

Diphenyliodonium-2-carboxylate,  as  re¬ 
agent  for  generation  of  benzyne, 

46,  107 

from  o-iodobenzoic  acid  by  oxidation 
and  reaction  with  benzene,  46, 

107 

Diphenylmercury,  reaction  with  alumi¬ 
num  to  give  triphenylaluminum, 

46,  108 

N,a-Diphenylnitrone,  by  condensation 
of  N-phenylhydroxylamine  with 
benzaldehyde,  46,  127 
1,3-dipolar  cycloaddition  to  styrene, 

46,  128 

Diphosphine,  tetramethyl-,  disul¬ 
fide,  46, 102 

1,3-Dipolar  cycloaddition  reactions  of 
nitrones  to  olefins,  46,  97 
“1,3-Dipolar  cycloadditions”  with  3- 
phenylsydnone,  46,  98 
Dispiro[5.1.5.1]tetradecane-7,14-dione, 
photolysis  to  cyclohexylidene- 
cyclohexane,  47,  34 
preparation  from  cyclohexanecarbonyl 
chloride  and  triethylamine,  47,  34 
Displacement  of  bromine  from  1-bromo- 
2-fluoroheptane  to  give  2-fluoro- 
heptyl  acetate,  46,  37 
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N,N'-Disubstituted  formamidines,  N- 
substituted  from  triethyl  ortho¬ 
formate  and  primary  amines,  46, 

41 

N,N-Disubstituted  thioureas  from  sec¬ 
ondary  amines  and  silicon  tetra- 
isothiocyanate,  46,  69 
N,N-Disubstituted  ureas  from  second¬ 
ary  amines  and  silicon  tetraiso- 
cyanate,  46,  69 

CIS-  AND  /fa«5-l,2-DlVINYLCYCLOBU- 

tane,  47,  64 

Elimination,  of  carbon  dioxide  and 
iodobenzene  from  diphenylio- 
donium-2-carboxylate  to  generate 
benzyne,  46,  107 

of  hydrogen  bromide  from  a-bromo- 
•y-butyrolactone  with  triethyl- 
amine,  46,  22 
Epichlorohydrin,  46,  24 
reaction  with  boron  trifluoride  ether 
to  form  triethyloxonium  fluo- 
borate,  46,  113 

reaction  with  potassium  cyanide  to 
form  3-hydroxyglutaronitrile,  46, 

48 

Epoxides  from  aldehydes,  46,  44 
Equatorial  alcohols,  preparation  by  use 
of  the  lithium  aluminum  hydride- 
aluminum  chloride  reagent,  47, 

19 

1,2-Ethanediol,  reaction  with  cyclohex¬ 
anone,  47,  37 

Ethanol,  2-(cyclohexyloxy)-,  47,  37 
Ether,  1-butyl  phenyl,  46,  89 
/>-Ethoxyphenyl  isothiocyanate,  46,  21 
Ethyl  acetoacetate,  46,  82 
Ethyl  benzoyloxy  cyanoacetates,  46,  38 
Ethyl  y-bromobutyrate,  46,  42 
Ethyl  2-bromocyclopentane  acetate,  46, 
44 

Ethyl  4-bromo-3-ketobutanoate,  46,  27 
Ethyl  4-chloro-3-ketobutanoate,  46,  27 
Ethyl  cyclohexylideneacetate,  46, 

44 

Ethyl  />-dimetiiylaminophenylace- 
tate,  47,  69 

Ethyl  2,3-diphenylbutanoate,  47,  74 


Ethyl  2,4-diphenylbutanoate,  47,  72 
Ethyl  2,3-diphenylpropionate,  47,  74 
Ethyl  isocyanide,  46,  76,  77 
Ethylmagnesium  bromide,  use  with  fer¬ 
ric  chloride  in  cyclization  of  di- 
chloroacetone  />-tolylmagnesium 
bromide  adduct  to  l-/>-tolylcy- 
clopropanol,  47,  108 
Ethyl  /i-nitrophenylacetate,  reaction 
with  formaldehyde  and  hydro¬ 
gen,  47,  69 

Ethyl  phenylacetate,  reaction  with 
(2-bromoethyl)  benzene,  47,  72 
Ethyl  2-phenylhexanoate,  47,  74 
Ethyl  2-phenylpropionate,  47,  74 
Exchange  of  oxygen  by  sulfur  in  prepa¬ 
ration  of  chloromethylphospho- 
nothioic  dichloride,  46,  21 
Extractor,  stirred  in  isolation  of  3- 
hydroxyglutaronitrile,  46,  49 

Ferric  chloride,  in  addition  of  chloroform 
to  olefins,  46,  104 

with  ethylmagnesium  bromide  in  syn¬ 
thesis  of  1  -/>-tolylcyclopropanol, 

47,  109 

Fluoroacetyl  fluoride,  46,  6 
2-Fluoroalkanoic  acids  from  1-alkenes, 

46,  39 

2-Fluoroheptanoic  acid,  46,  37 
from  2-fluoroheptyl  acetate  by  re¬ 
action  with  nitric  acid,  46,  37 
toxicity  of,  46,  38 

2-Fluoroheptyl  acetate  from  l-bromo-2- 
fluoroheptane  and  sodium  ace¬ 
tate,  46,  37 

4-(w-Fluorophenyl)-2-butanone,  47,  89 
Formaldehyde,  reaction  with  ethyl  p- 
nitrophenylacetate  and  hydro¬ 
gen,  47,  69 

Formaldoxime,  46, 13 
reaction  with  2-bromo-4-methylben- 
zenediazonium  chloride,  46,  14 
Formamidine,  from  hydrogen  cyanide, 
46,  40 

from  thiourea,  46,  40 
Formamidine  acetate,  46,  39 
Formamidine  hydrochloride,  46,  41 
Formamidine  methosulfate,  46,  41 
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Formic  add  as  reagent  for  carboxylation 
of  1-methylcyclohexylcation  to 
form  1-methylcyclohexanecar- 
boxylic  acid,  46,  72 

Formylation  of  aromatic  hydrocarbons 
to  aldehydes  with  dichloromethyl 
ether,  47,  2 

o-Formylphenoxyacetic  acid,  46,  28 

“Glaser  oxidative  coupling,”  46,  41 
Glucopyranosyl  chloride,  2-acet- 
AMIDO-2-DEOXY-,  TRIACETATE, 

a.- D-,  46,  1 

D-Glucosamine,  see  2-Amino-2-deoxy- 
D-glucose 

Glutaronitrile,  3-hydroxy-,  46,  48 
Glycerol  chlorohydrin,  46,  24 
Glycine  1-butyl  ester,  46,  47 
conversion  to  acetamidoacetone,  46, 1 
Grignard  reaction,  addition  of  methyl- 
magnesium  bromide  to  thiophos- 
phoryl  chloride,  46,  102 
Grignard  reagents,  synthesis  and  utility 
of  unsolvated,  47,  116 

Halides,  reduction  of  organic,  with  mag¬ 
nesium  and  2-propanol,  47,  106 
Halogenation,  of  anisole  to  a-chloroani- 
sole  with  sulfuryl  chloride,  47, 

23 

of  2-butyne  to  give  3,4-dichloro- 
1 ,2,3,4-tetramethylcyclobutene, 

46,  34 

of  o-nitrotoluene  to  o-nitrobenzyl 
bromide  with  N-bromosuccinim- 
ide,  46,  81 

Heptane,  1-bromo-2-eluoro,  46, 10 
Heptanoic  acid,  2-fluoro-,  46,  37 
2-Heptanone,  47,  89 
4-Heptanone,  47,  75 
Heptanoyl  fluoride,  46,  6 
1-Heptene,  addition  of  Br,  F  to,  46, 
11 

Hexaethylphosphorous  triamide,  46,  33 
Hexamethylenetetramine,  46,  3 
in  synthesis  of  isophthalaldehyde  from 
ajcZ-diamino-w-xylene,  47,  76 
Hexamethylphosphorous  triamide, 
46,  42 


Hexamethylphosphorous  triamide,  gen¬ 
eral  reaction  with  aromatic  and 
heteroaromatic  aldehydes  to  give 
diaryl  ethylene  oxides,  46, 

32 

reaction  with  o-chlorobenzaldehyde, 

46,  32 

2,4-Hexanedione,  47,  95 
Hexaphenylbenzene,  46,  44 
by  trimerization  of  diphenylacetylene, 
46,  47 

Hippuric  acid,  cyclization  to  2-phenyl- 
5-oxazolone  with  acetic  anhy¬ 
dride,  47,  101 
Holarrhimine,  46,  61 
Hydrazine,  reaction  with  cinnamalde- 
hyde,  47,  99 

Hydrazoic  acid,  reaction  with  cyclobu- 
tanecarboxylic  acid,  47,  28 
Hydrogenation  of  1-butylazidoacetate  to 
glycine  1-butyl  ester,  46,  47 
Hydrogen  bromide,  46,  43 
reaction  with  7-butyrolactone,  46,  43 
Hydrogen  fluoride,  anhydrous,  precau¬ 
tions  in  use  of,  46,  3 
in  preparation  of  nitronium  tetra- 
fluoroborate,  47,  57 
reaction  with  benzoyl  chloride,  46, 4 
with  boron  trifluoride  in  conversion 
of  p- cymene  to  m-cymene,  47,  40 
in  bromofluorination  of  1-heptene,  46, 
11 

precautions  in  use  of,  46,  11 
procedure  in  case  of  accident  with, 

46, 11 

Hydrolysis,  of  2-benzyl-2-carbometh- 
oxycyclopentanone  with  lithium 
iodide  in  2,4,6-collidine,  46,  7 
of  7-butyrolactone  to  ethyl  7-bromo- 
butyrate  with  hydrogen  bromide 
and  ethanol,  46,  42 
of  2,5-dicarbethoxy-l ,4-cyclohexane- 
dione  to  1,4-cyclohexanedione, 
46,  25 

of  esters  with  lithium  iodide  in  2,4,6- 
collidine,  46,  7 

of  /3-iso valerolactam-N-sulfonyl  chlo¬ 
ride  to  give  0-isovalerolactam, 

46,  51 
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Hydrolysis,  of  nortricyclyl  acetate, 

45,  74 

of  2-(trichloromethyl)bicyclo[3. 3.01- 
octane  with  phosphoric  acid  to 
exo-m-bicyclo[3.3.0]octane-2- 
carboxylic  acid,  47,  11 
Hydroquinone,  as  antioxidant  for  mesit- 
aldehyde,  47,  2 

1 0-Hydroxy- 10, 9-borazarophenan- 

threne  as  intermediate  in  prepa¬ 
ration  of  10-methyl-10,9-boraza- 
rophenanthrene,  46,  66 
d-Hydroxy-y-butyrolactone,  45,  24 
4-Hydroxycrotononitrile,  by-product  in 
preparation  of  3-hydroxyglutaro- 
nitrile,  46,  49 

3-Hydroxyglutaronitrile,  46,  48 
Hydroxylamine-O-sulfonic  acid,  addi¬ 
tion  to  cyclohexanone,  46,  83 
1 8-Hydroxy- 1 8,20/3-oxido-5-pregnene, 

45,  58 

“Hypoiodite  reaction,”  46,  62 

Iodine  in  functionalization  of  C-19 
methyl  group  of  3/3-acetoxy-20/3- 
hydroxy-5-pregnene,  45,  58 
Iron  powder  in  preparation  of  ketones 
from  carboxylic  acids,  47,  75 
Isobutene,  45,  49 

Isobutylene,  reaction  with  chlorosul- 
fonyl  isocyanate,  46,  52 
Isobutyryl  fluoride,  45,  6 
Isocyanates,  acyl,  derivatives  of,  46, 
17 

preparation  using  oxalyl  chloride,  46, 

17 

ISOCYANIC  ACID,  ANHYDRIDE  WITH  CHLO- 
ROACETIC  ACID,  46,  16 
ISOCYANIC  ACID,  ANHYDRIDE  WITH 
CHLOROSULFONIC  ACID,  46,  23 
Isocyanides,  preparation  of  volatile,  46, 
77 

ISOINDOLINE,  2-/J-TOLYLSULFONYL-,  47, 

110 

Isolation,  levopimaric  acid  from  pine 
resin,  46,  64 

Isomerization  of  ^-cymene  to  m-cymene, 

47,  40 

Isonitrosoacetone,  46,  3 


ISOPHTHALALDEHYDE,  47,  76 
Isopropylamine,  46,  3 
Isopropylhydrazine,  45,  85 
IW-ISOPROPYLTOLUENE,  47,  40 
ISOTHIOCYANIC  ACID,  />-CHLOROPHENYL 
ESTER,  46,  19 

/3-ISOVALEROLACTAM,  46,  51 

/3-Isovalerolactam-N-sulfonyl  chlo¬ 
ride,  46,  51 

Isovaleryl  fluoride,  45,  6 
Isoxazolidine,  2,3,5-triphenyl-,  46, 

127 

Isoxazolidines  from  olefins  and  N,a- 
diphenylnitrone,  46, 129 

Jones  oxidation,  46,  31,  79 
Jones  reagent,  45,  31,  79 

Ketals,  reduction  to  hydroxyalkyl 
ethers,  47,  39 
Ketene,  46,  50 

caution  with  regard  to  toxicity,  46,  50 
determination  of  purity  of,  46,  52 
Ketene  bis(2-methoxyethyl)  acetal, 

47,  78 

Ketene  di(2-methoxyethyl)  acetal, 

47,  78 

Ketones,  preparation  by  alkylation  of 
2,4-pentanedione  and  cleavage, 

47,  88 

preparation  from  aliphatic  carboxylic 
acids  and  iron  powder,  47,  76 
reaction  with  dimethylformamide  and 
phosphorus  oxychloride  to  form 
/3-chloro-a,/3-unsaturated  alde¬ 
hydes,  46,  20 

d,l-Ketopinic  acid,  45,  55 
Krohnke  reaction  in  preparation  of 
o-nitrobenzaldehyde,  46,  84 

/3-Lactams,  from  chlorosulfonyl  isocya¬ 
nate,  46,  27 
preparation  of,  46,  56 
18,20-Lactone  of  3/3-acetoxy-20/3-hy- 
DROXY-5-PREGNENE-18-OIC  ACID, 
45,  57 

Lauraldehyde,  46,  36 
Lead  acetate  in  preparation  of  selective 
palladium  catalyst,  46,  90 
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Lead  tetraacetate,  assay  for,  46,  63 
in  functionalization  of  C-19  methyl 
group  of  3/3-acetoxy-20/3-hydroxy- 
5-pregnene,  46,  58 

reaction  with  diphenyl  disulfide  in 
methanol,  46,  62 
Levopimaric  acid,  46,  64 
Lithium,  reaction  with  2,6-dimethyl- 
phenol,  46,  115 

Lithium  aluminum  hydride,  hazards  in 
grinding,  47,  39 

in  drying  of  tetrahydrofuran,  46, 

105 

in  purification  of  1,2-dimethoxy- 
ethane,  46,  99 

reaction  with  3,4-dichloro-l,2,3,4- 
tetramethylcyclobutene,  46,  36 
with  aluminum  chloride,  for  reduction 
of  4-i-butylcyclohexanone,  47,  17 
with  aluminum  chloride  in  reduc¬ 
tion  of  l,4-dioxaspiro[4. 51-dec¬ 
ane,  47,  38 

Lithium  aluminum  tri-i-butoxyhydride 
in  reduction  of  3/3-acetoxy-5- 
pregnene-20-one,  46,  58 
Lithium  amalgam,  reaction  with  3,4- 
dichloro- 1,2,3 ,4-  tetramethy  lcy- 
clobutene,  46,  36 

Lithium  2,6-dimethylphenoxide,  from 
2,6-dimethylphenol,  46,  115 
methylation  of,  to  form  2,6,6-tri- 
methyl-2,4-cyclohexadienone,  46, 

115 

Lithium  iodide  in  hydrolysis  of  esters  to 
acids,  46,  8 

Magnesium,  reaction  with  1-chlorobu- 
tane  in  methylcyclohexane,  47, 

113 

with  2-propanol  in  reduction  of  chloro¬ 
benzene,  47,  103 

MALONIC  ACID,  ETHYLHYDROXY-,  DI¬ 
ETHYL  ESTER,  BENZOATE,  46,  37 
Mesitaldehyde,  47,  1 
Mesitylene,  condensation  with  dichloro- 
methyl  methyl  ether,  47,  1 
Methallyl  chloride  in  alkylation  of  2,4- 
pentanedione  with  potassium 
carbonate,  47,  87 


1-(2-Methoxycarbonylphenyl)pyr- 
role,  47,  81 

/>-Methoxy-/?,/3-difluorostyrene,  47,  52 

1- (^-Methoxyphenyl)-5-phenyl-1,3,5- 

pentanetrione,  46,  57 
cyclization  by  acid  to  2-(^>-methoxy- 
phenyl)-6-phenyl-4-pyrone,  46, 
61 

2- (^-Methoxyphenyl)-6-phenyl-4- 

pyrone, 46,  60 

basic  hydrolysis  to  1 -(/>-methoxy- 
phenyl)-5-phenyl- 1 ,3,5-pentane- 
trione,  46,  59 
6-Methoxytetralin,  46,  82 
Methylamine,  46,  85 
Methyl  anisate,  reaction  with  disodio- 
benzoylacetone,  46,  58 
Methyl  anthranilate,  condensation  with 

2.5- dimethoxytetrahydrofuran  to 
give  l-(2-methoxycarbonyl- 
phenyl)pyrrole,  47,  81 

Methyl  benzenesulfinate,  46,  62 
10-Methyl-10,9-borazarophenan- 
THRENE,  46,  65 

1- Methylcyclohexanecarboxylic 

acid,  46,  72 

from  butadiene  and  methyl  methac¬ 
rylate,  46,  74 

from  1  -chloro-  1-methylcyclohexane, 
46,  73 

from  1-chloro-l-methylcyclohexane 
and  methyl  2-furancarboxylate, 

46,  73 

from  1 -methyl- 1-acetylcyclohexane, 
46,  74 

2- Methvlcyclohexanol,  reaction  with 

formic  acid-sulfuric  acid,  46,  72 
2-Methylcyclohexanone,  46,  82 
2-Meth  ylcyclopentane-  1  ,3-dione,  47, 

83 

2-Methylcyclopentane-l,3,5-trione,  re¬ 
action  with  semicarbazide  hydro¬ 
chloride,  47,  84 

2-Methylcyclopentane-l,3,5-trione  5- 

semicarbazone,  conversion  to  2- 
methylcyclopentane- 1 ,3-dione 
with  potassium  hydroxide,  47,  85 
2-Methyl-4-ethoxalylcyclopentane- 

1.3.5- trione,  from  condensation  of 
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diethyl  oxalate  and  2-butanone, 

47,  83 

hydrolytic  cleavage  to  2-methylcyclo- 
pentane-1 ,3,5-trione  hydrate  with 
phosphoric  acid,  47,  84 
N-Methylformamide,  dehydration  to 
methyl  isocyanide,  46,  76 
Methyl  formate,  reaction  with  phos¬ 
phorus  pentachloride  to  yield 
dichloromethyl  methyl  ether,  47, 
47 

Methyl  2-furancarboxylate  as  precursor 
of  1-methylcyclohexanecarbox- 
ylic  acid,  46,  73 

5-Methylene-2-hexanone,  47,  87 
5-Methyl-5-hexen-2-one,  47,  87 
Methyl  hydrazine,  46,  85 
Methyl  isocyanide,  46,  75 
Methylmagnesium  bromide,  reaction 
with  bis(l  0,9-bo razarophenan- 
thryl)  ether,  46,  67 
reaction  with  thiophosphoryl  chloride, 
46,  102 

l-Methyl-2,3-pentamethylenediaziri- 
dine,  46,  85 

3-Methylpentane-2  ,4-dione  ( Correc¬ 
tion ),  46,  68 

/>-Methylphenylmagnesium  bromide,  re¬ 
action  with  dichloroacetone,  47, 

108 

Methyl  phenyl  sulfide,  see  Thioanisole 
Methyl  phenyl  sulfoxide,  46,  78 
from  methylsulfinyl  chloride  and 
benzene  with  anhydrous  alumi¬ 
num  chloride,  46,  80 
Methyl  vinyl  ketone,  reaction  with  1- 
morpholino- 1-cyclohexene,  46, 

80 

Michael  reaction,  A1(9)-octalone,  46,  82 
N-Mono-  and  N,N-disubstituted 
ureas  and  thioureas,  46,  69 
N-Monosubstituted  thioureas  from  pri¬ 
mary  amines  and  silicon  tetra- 
isothiocyanate,  46,  69 
N-Monosubstituted  ureas  from  primary 
amines  and  silicon  tetraisocyan- 
ate,  46,  69 

1-Morpholino-l-cyclohexene,  A1  (9)-octa- 
lone  from,  46,  80 


1- Morpholino-l-cyclohexene,  reaction 

with  methyl  vinyl  ketone,  46, 
80 

Naphthalene,  1  ,2,3,4-tetraphenyl-, 

46,  107 

2(3H)-Naphthalenone,  4, 4a, 5, 6,7,8- 
HEXAHYDRO-,  46,  80 
4-(a-Naphthyl)-2-butanone,  47,  89 
Nickel  carbonyl,  reaction  with  3,4- 
dichloro-l,2,3,4-tetramethylcy- 
clobutene,  46,  36 

Nickel  catalyst,  Raney,  in  preparation 
of  2,2'-bipyridine,  46,  5 
W7-J,  preparation  of,  46,  5 
Nickel  ion,  as  catalyst  for  decomposition 
of  diazonium  xanthates,  47, 

107 

Nicotinic  acid,  conversion  to  anhydride 
with  phosgene  and  triethylamine, 

47,  89 

Nicotinic  anhydride,  47,  89 
Nitration  of  o-aminobiphenyl  to  o- 
amino-^'-nitrobiphenyl,  46,  86 
of  o-tolunitrile  with  nitronium  tetra- 
fluoroborate,  47,  56 

Nitric  acid  in  preparation  of  nitronium 
tetrafluoroborate,  47,  57 
Nitroacetone,  46,  3 

2- Nitroaniline,  diazotization  and  con¬ 

version  to  2-nitrobenzenesulfinic 
acid,  47,  4 

o-Nitrobenzaldehyde,  46,  81 
o-Nitrobenzaldehyde,  from  N-(/>-di- 
methylaminophenyl)-a-(o-nitro- 
phenyl)nitrone  by  acid-catalyzed 
hydrolysis,  46,  82 

o-Nitrobenzaldehydes  from  o-nitrotolu- 
enes,  table  of  examples,  46,  84 
/>-Nitrobenzaldehyde,  46,  36 
2-Nitrobenzenesulfinic  acid  from  2-ni- 
troaniline,  47,  4 

0-Nitrobenzylpyridinium  bromide,  from 
o-nitrobenzyl  bromide,  46,  81 
from  o-nitrotoluene,  46,  81 
o-Nitrobiphenyl,  reduction  to  o-amino¬ 
biphenyl,  46,  85 
2-Nitrocarbazole,  46,  85 
Nitrones,  reaction  with  olefins,  46,  130 
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Nitronium  tetrafluoroborate,  from  nitric 
acid,  boron  trifluoride,  and  hy¬ 
drogen  fluoride,  47,  56 
in  nitration  of  aromatic  rings,  47, 

60 

4-(w-Nitrophenyl)-2-butanone,  47,  89 
N-Nitrosamides,  decomposition  to 
esters,  47,  46 

Nitrosation,  of  amides  with  dinitrogen 
tetroxide,  47,  46 
of  N-phenylglycine,  46,  96 
/>-Nitrosodimethylaniline,  reaction  with 
o-nitrobenzylpyridinium  bro¬ 
mide,  46,  82 

N-Nitroso-N-(2-phenylethyl)benzam- 

ide,  from  nitrosation  of  N-(2- 
phenylethyl)benzamide,  47,  45 
thermolysis  to  2-phenylethyl  ben¬ 
zoate,  47,  45 

N-Nitroso-N-phenylglycine,  46,  96 
reaction  with  acetic  anhydride  to 
yield  3-phenylsydnone,  46,  96 
Nitrosyl  chloride,  addition  to  bicyclo- 
[2.2. l]hepta-2, 5-diene,  46,  75 
2,4-Nonanedione,  47,  92 
Nonane,  1,1,3-trichloro-,  46,  104 
Nortricyclanol,  46,  74 
oxidation  by  chromic  acid,  46,  78 
Nortricyclanone,  46,  77 
Nortricyclyl  acetate,  46,  74 
from  bicyclo[2. 2. l]hepta-2, 5-diene  and 
acetic  acid,  46,  74 
saponification  of,  46,  75 

A1(9>-Octalone-2,  46,  80 
A9d°)-Octalone-2,  46,  80 
Octanal,  47,  96 
Octanoyl  fluoride,  46,  6 
w-Octyl  iodide,  reaction  with  trimethyl- 
amine  oxide  to  yield  octanal,  47, 
96 

Oct-l-yne,  46,  42 

Olefins,  reaction  with  nitrones,  46,  130 
m-Olefins  from  disubstituted  acetylenes 
by  selective  reduction  with  modi¬ 
fied  palladium  (Lindlar)  catalyst, 

46, 92 

Oxalyl  chloride,  reaction  with  a-chloro- 
acetamide,  46, 16 


Oxidation,  of  D,L-10-camphorsulfonyl 
chloride  to  D,L-ketopinic  acid 
with  potassium  permanganate, 

46,  55 

of  cholane-24-ol  to  cholane-24-al  with 
dimethyl  sulfoxide,  dicyclohexyl- 
carbodiimide,  and  pyridinium 
trifluoroacetate,  47,  25 
of  cyclooctanol  by  chromium  trioxide 
(Jones  reagent),  46,  28 
of  diphenyl  disulfide  to  methyl  ben- 
zenesulfinate  with  lead  tetraace¬ 
tate  in  methanol,  46,  62 
of  18-iodo-  and  18-hydroxy-18,20- 
oxidosteroid  to  18,20-lactone, 
46,  57 

of  o-nitrotoluene  to  o-nitrobenzalde- 
hyde  via  o-nitrobenzyl  pyri¬ 
dinium  bromide  and  N-(^-di- 
methylaminophenyl)-a-(o-nitro- 
phenyl)nitrone,  46,  81 
of  nortricyclanol  to  nortricyclanone 
with  chromic  acid  (Jones  re¬ 
agent),  46,  77 

of  3,3-pentamethylenediaziridine  to 
3,3-pentamethyleneazarine  with 
silver  oxide,  46,  83 

of  thioanisole  by  sodium  metaperio¬ 
date  to  methyl  phenyl  sulfoxide, 

46,  78 

with  hydrolysis  of  2-fluoroheptyl 
acetate  by  nitric  acid  to  give  2- 
fluoroheptanoic  acid,  46,  37 
Oxidative  coupling,  phenylacetylene  to 
diphenyldiacetylene  with  cupric 
acetate,  46,  39 

Oxidative  cyclization,  substituted  stil- 
benes  to  phenanthrenes,  46,  91 
2-Oxocyclooctanecarboxylic  acid, 

ETHYL  ESTER,  47,  20 
4-Oxo-l,l-dimethylpiperidinium  salts, 
46,  82 

Oxonium  compounds,  triethyloxo- 
NIUM  FLUOBORATE,  46,  113 
Oxonium  compounds,  trimethyloxo- 
NIUM  FLUOBORATE,  46,  120 
Oxonium  compounds,  trimethyloxo- 
nium  2,4,6-trinitrobenzene- 
sulfonate,  46, 122 
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2-OxO-l,  2H-PYRANE-,  46, 101 

Palladium  catalyst  tor  partial  re¬ 
duction  or  ACETYLENES,  46,  89 
Palladium  on  charcoal,  catalyst  for  re¬ 
ductive  methylation  of  ethyl  p- 
nitrophenylacetate,  47,  69 
in  reduction  of  /-butyl  azidoacetate  to 
glycine  /-butyl  ester,  45,  47 
Palladium  oxide  as  catalyst  for  reduc¬ 
tion  of  sodium  2-nitrobenzene 
sulfinate,  47,  5 

Palladous  chloride  in  preparation  of 
hydrogenation  catalyst,  46,  89 
Paraformaldehyde,  conversion  to  form- 
aldoxime,  46,  13 
Pelargonyl  fluoride,  46,  6 
1-Pentalenecarboxylic  acid,  octa- 
HYDRO-,  47,  10 

3.3- Pentamethylenediaziridine,  45,  83 

3.3- Pentamethylenediazirine,  45,  83 

2.4- Pentanedione,  alkylation  and  cleav¬ 

age  with  methallyl  chloride  and 
potassium  carbonate,  47,  87 
condensation  with  1-bromobutane  to 
give  2,4-nonanedione,  47,  93 

1.3.5- Pentanetrione,  1-(/>-methoxy- 

phenyl)-5-phenyl,  46,  57 

1.3.5- Pentanetriones  from  1 ,3-diketones, 

46,  59,  60 

Perchlorofulvalene,  46,  93 
by  catalytic  dechlorination  of  dec- 
achlorobi-2,4-cyclopentadienyl, 

46,  95 

infrared  and  ultraviolet  absorption, 

46,  95 

reactions  of,  46,  95 

Periodate  oxidation  of  thioanisole,  46, 
78 

Peroxyvanadic  acid,  45,  27 
Phenanthrene,  9-phenyl-,  46,  91 
Phenol,  46,  90 

Phenoxyacetophenone,  46,  94 
Phenylacetylene,  oxidative  coupling  to 
diphenyldiacetylene,  45,  39 
partial  reduction  to  styrene  using 
palladium  catalyst,  46,  90 
reaction  with  sodium  hypobromite  to 
yield  phenylbromoethyne,  46,  86 


Phenylacetyl  fluoride,  46,  6 
Phenylbromoethyne,  45,  86 

1 - Phenyl-1, 3-butadiene,  45,  94 

4- Phenyl-2-butanone,  47,  89 
Phenyl  /-butyl  ether,  45,  89 
Phenylcyclopropane,  47,  98 
7>-Phenylene  diisothiocyanate,  46,  21 

2- Phenylethylamine,  reaction  with 

benzoyl  chloride,  47,  44 
N-(2-Phenylethyl)benzamide  from  2- 
phenylethylamine  and  benzoyl 
chloride,  47,  44 

2-Phenylethyl  benzoate  from  decompo¬ 
sition  of  N-nitroso-N-(2-phenyl- 
ethyl)benzamide,  47,  45 
Phenylethynyllithium  45,  88 
Phenylethynylmagnesium,  Grignard  re¬ 
agent,  46,  88 

Phenylethynylsilver,  45,  88 
Phenylethynylsodium,  46,  88 
N-Phenylglycine,  reaction  with  nitrous 
acid,  45,  96 

N-Phenylhydroxylamine  condensation, 
with  benzaldehyde  to  form  N,a- 
diphenylnitrone,  46,  127 
with  w-butyraldehyde,  46,  96 
Phenyl  isothiocyanate,  45,  21 
Phenyllithium,  45,  109 
N-Phenylmaleimide,  conversion  to  3- 
phenyl-3-w-propylisoxazolidine- 

4.5- CM-dicarboxylic  acid  by  re¬ 
action  with  C-(«-propyl)-N- 
phenylnitrone,  46,  96 

Phenylmercuric  chloride,  conversion  to 
phenyltrichloromethylmercury 
by  reaction  with  sodium  tri- 
chloroacetate,  46,  98 
2-Phenyl-2-oxazolin-5-one,  47, 

101 

2-Phenyl-5-oxazolone,  47,  101 

1- Phenyl-l,4-pentanedione,  47,  89 
9-Phenylphenanthrene,  46,  91 

2- PHENYL-3-W-PROPYLISOXAZOLIDINE- 

4.5- cm-dicarboxylic  acid  N- 
PHENYLIMIDE,  46,  96 

5- Phenylpyrazoline,  decomposition  to 

phenyl  cyclopropane,  47,  99 

3- Phenylsydnone,  46,  96 
N-Phenylsydnone,  46,  96 
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Phenyltrichloromethylmercury,  46, 

98 

as  reagent  for  generation  of  dichloro- 
carbene,  46,  100 

Phenyltrihalomethylmercurials,  reaction 
with  olefins  to  form  dichloro- 
cyclopropanes,  46,  100 
Phenylurea,  46,  72 
Phosgene,  46,  98 

in  conversion  of  nicotinic  acid  to  the 
anhydride,  47,  90 

Phosphonic  dichloride,  styryl-,  46, 

99 

Phosphonothioic  dichlorides,  general 
preparation  from  phosphonic  di¬ 
chlorides  and  tetraphosphorus 
decasulfide,  46,  22 

Phosphorane,  (dichloromethylene) 
TRIPHENYL- 1,  46,  33 
Phosphorous  triamide,  hexamethyl-, 

46,  42 

Phosphorous  triamides,  hexaalkyl  from 
dialkylamines  and  phosphorus 
trichloride,  46,  43 

Phosphorus  oxychloride,  reaction  with 
dimethylformamide  and  cyclo¬ 
hexanone,  46, 18 

Phosphorus  pentachloride,  for  conver¬ 
sion  of  D,L-10-camphorsulfonic 
acid  to  acid  chloride,  46, 14 
reaction  with  methyl  formate  to  yield 
dichloromethyl  methyl  ether,  47, 
47 

reaction  with  styrene,  46,  99 
Phosphorus  trichloride,  reaction  with 
dimethylamine,  46,  42 
Photolysis,  apparatus  for,  47,  65 
of  butadiene  to  cis-  and  trans- 1,2- 
divinylcyclobutane,  47,  65 
of  dispiro [5 . 1 . 5 . 1  ] tetradecane-7 , 14- 
dione  to  cyclohexylidenecyclo- 
hexane,  47,  34 

of  substituted  stilbenes  to  phenan- 
threnes,  46,  91 
Phthalimidoacetone,  46,  3 
Phthaloyl  fluoride,  46,  6 
Pine  oleoresin,  levopimaric  acid  from, 
46,  64 

Polyphosphoric  acid  in  condensation  of 


dibenzyl  ketone  and  acetic  acid, 

47,  54 

Potassium  acetate,  reaction  with  N,N- 
dichlorocyclohexylamine,  46,  17 
Potassium  /-butoxide,  46,  33 

alcohol-free,  reaction  with  bromo- 
benzene,  46,  89 

in  reaction  with  chloroform,  with 
triphenylphosphine,  46,  33 
Potassium  cyanide,  reaction  with  epi- 
chlorohydrin,  46,  48 
Potassium  permanganate  for  oxidation 
of  D,L-10-camphorsulfonyl  chlo¬ 
ride  to  D,L-ketopinic  acid,  46,  55 
Potassium  persulfate,  reagent  for  oxi¬ 
dation  of  o-iodobenzoic  acid,  46, 
107 

Pregn-5-en-18-oic  acid,  3/3,20/3-dihy- 
droxy,  18,20-lactone,  3-acetate, 

46,  57 

Pregnenolone  acetate,  reduction  with 
lithium  aluminum  tri-i-butoxy- 
hydride,  46,  58 

2-Propanol  with  magnesium  in  reduc¬ 
tion  of  chlorobenzene,  47,  104 
Propionyl  fluoride,  46,  6 
w-Propylamine,  46,  85 
«-Propylhydrazine,  46,  85 
C-(«-Propyl)-N-phenylnitrone,  genera¬ 
tion  from  phenylhydroxylamine 
and  «-butyraldehyde,  46,  97 
Purification  of  tetrahydrofuran 
(Warning) ,  46,  105 
4H-Pyran-4-one,  2-6-dimethyl-3,5- 
DIPHENYL-,  47,  54 

4H-Pyran-4-one,  2-(/>-methoxyphe- 
nyl)-6-phenyl-,  46,  60 
Pyridine,  dehydrogenation  to  2,2'-di- 
pyridine,  46,  6 

reaction  with  o-nitrobenzyl  bromide, 

46,  82 

removal  of  pyrrole  from,  46,  8 
Pyridinium  bromide  perbromide  in  the 
bromination  of  traws-stilbene,  46, 

46 

Pyridinium  trifluoroacetate  in  oxidation 
of  cholane-24-ol  with  dimethyl 
sulfoxide  and  dicyclohexylcar- 
bodiimide,  47,  25 
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4-Pyridones  from  1,3,5-triketones,  46, 60 
Pyrolysis,  diketene  to  ketene,  46,  50 
o-Pyrone, 46,  101 
in  Diels-Alder  reactions,  46,  104 
4-Pyrones,  2,6-disubstituted,  from  1,3,5- 
pentanetriones  by  acid  cycliza- 
tion,  46,  61 

from  1,3,5-triketones,  46,  60 
Pyrrole,  1-(2-methoxycarbonyl- 
phenyl)-,  47,  81 

Pyrroles,  synthesis  of  N-substituted,  47, 

82 

2,2'-Pyrrolylpyridine,  by-product  in 
preparation  of  2,2'-bipyridine, 

46,  9 

Quinoline,  in  preparation  of  methyl 
isocyanide,  46,  75 

use  in  hydrogenation  of  acetylenes  to 
ethylenes  using  palladium  cata¬ 
lyst,  46,  90 

Red  phosphorus  in  bromination  of 
•y-butyrolactone,  46,  22 
Reduction,  of  3/3-acetoxy-5-pregnene-20- 
one  with  lithium  aluminum 
tri-Cbutoxyhydride,  46,  57 
of  4-t-butylcyclohexanone  with  lithi¬ 
um  aluminum  hydride-aluminum 
chloride,  47,  16 

of  l,4~dioxaspiro[4.5]decane  to  2-cy- 
clohexyloxyethanol  by  lithium 
aluminum  hydride-aluminum 
chloride,  47,  37 

of  2-methylcyclopentane-l,3,5-trione 
5-semicarbazone  to  2-methylcy- 
clopentane-l,3-dione,  47,  85 
Reduction  of  organic  halides. 

Chlorobenzene  to  benzene, 

47,  103 

Replacement,  of  acetylenic  hydrogen 
atom  by  bromine,  46,  86 
of  acyl  chlorine  atom  by  fluoride 
atom  using  hydrogen  fluoride,  46, 

3 

of  amino  hydrogen  atoms  by  thio- 
carbonyl  group,  46,  19 
of  aromatic  bromine  atom  by  potas¬ 
sium  i-butoxide,  46,  89 


137 

Replacement,  of  a-chloro  atom  in  ester 
using  azide  ion,  46,  47 
of  hydrogen  atom  on  C-18  of  steroid 
by  hydroxy  group  or  iodine 
atom,  46,  57 

of  hydroxy  group  of  sulfonic  acid  by 
chlorine  using  phosphorus  penta- 
chloride,  46,  14 

of  mercury  atom  of  diphenylmercury 
by  aluminum  atom,  46, 107 
of  vinyl  hydrogen  atom  by  phos- 
phonic  dichloride  group,  46, 

99 

Reychler’s  acid,  46, 12 

Salicylaldehyde,  reaction  with  chloro- 
acetic  acid,  46,  28 

Semicarbazide  hydrochloride,  conver¬ 
sion  to  semicarbazone,  46,  2 
reaction  with  aminoacetone  hydro¬ 
chloride,  46,  2 

reaction  with  2-methylcyclopentane- 
1,3,5-trione,  47,  85 
Silicon  tetrachloride,  46,  71 
Silicon  tetraisocyanate,  reaction  with 
cyclohexylamine  to  yield  cyclo- 
hexylurea,  46,  69 

Silicon  tetraisothiocyanate,  reaction 
with  2,6-dimethylaniline  to  yield 
2,6-dimethylphenyl  thiourea,  46, 
70 

Silver  cyanide,  reaction  with  alkyl 
halides  in  synthesis  of  iso¬ 
cyanides,  46,  77 

Silver  fluoborate,  reaction  with  ethyl 
bromide  in  ether,  46,  1 14 
Silver  nitrate,  complexing  with  phenyl- 
acetylene,  46,  40 
Silver  oxide,  46,  83 
Silver  thiocyanate,  46,  71 
Sodium  amide,  in  alkylation  of  ethyl 
phenylacetate  with  (2-bromo- 
ethyl)  benzene,  47,  72 
in  condensation  of  2,4-pentanedione 
and  1-bromobutane  to  give  2,4- 
nonanedione,  47,  92 
Sodium  2-aminobenzenesulfinate,  from 
reduction  of  2-nitrobenzenesul- 
finic  acid,  47,  5 
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Sodium  2-aminobenzenesulfinate,  re¬ 
action  with  nitrous  acid  to  yield 
1,2,3-benzothiadiazole  1,1-diox¬ 
ide,  47,  6 

Sodium  azide,  reaction  with  i-butyl 
chloroacetate,  46,  47 
reaction  with  diazonium  salt  from 
o-amino-J>'-nitrobiphenyl,  46,  86 
Sodium  chlorodifluoroacetate,  47,  50 
reaction  with  triphenylphosphine  and 
benzaldehyde,  47,  50 
Sodium  ethoxide,  46,  25 
reaction  with  diethyl  succinate,  46,  25 
Sodium  formate  as  reducing  agent  in 
preparation  of  palladium  cata¬ 
lyst,  46,  90 

Sodium  hydride,  conversion  of  benzo- 
ylacetone  to  the  disodium  salt, 

46,  57 

for  formation  of  sodium  diethyl 
ethylmalonate,  46,  37 
for  formation  of  sodium  triethyl 
phosphonoacetate,  46,  45 
in  condensation  of  cyclooctanone  and 
diethyl  carbonate,  47,  20 
precautions  in  handling,  46,  57 
with  dimethylformamide  in  alkyla¬ 
tion  of  J>-toluenesulfonamide  with 
o-xylylene  dibromide,  47,  111 
Sodium  metaperiodate  in  oxidation  of 
thioanisole,  46,  78 

Sodium  2-methoxyethoxide,  reaction 
with  vinylidene  chloride  to  yield 
ketenedi(2-methoxyethyl)  acetal, 

47,  78 

Sodium  nitromalonaldehyde  mono¬ 
hydrate  (Warning),  46, 104 
Sodium  sand,  46,  8 
reaction  with  2-carbomethoxycyclo- 
pentanone,  46,  8 

Sodium  trichloroacetate,  thermal  de¬ 
composition  in  presence  of  phe- 
nylmercuric  chloride  to  give 
phenyltrichloromethylmercury, 

46,  98 

fraws-Stilbene,  bromination  of,  46,  46 
wexo-Stilbene  dibromide,  dehydrobro- 
mination  to  give  diphenylacety- 
lene,  46,  46 


Styrene,  46,  106 

reaction  with  N,a-diphenylnitrone, 

46,  128 

reaction  with  phosphorus  penta- 
chloride,  46,  99 
a-Styrylnaphthalene,  46,  95 
Styrylphosphonic  dichloride,  46, 

99 

Sulfinic  esters,  aromatic,  by  oxidation  of 
disulfides  in  alcohols,  46,  64 
Sulfonation  of  D,L-camphor  to  d,l-10- 
camphorsulfonic  acid,  46,  12 
Sulfoxides,  table  of  examples  of  prepara¬ 
tion  from  sulfides  with  sodium 
metaperiodate,  46,  79 
Sulfur  dioxide,  reaction  with  styrene 
phosphorus  pentachloride  to  give 
styrylphosphonic  dichloride,  46, 

100 

Sulfur  trioxide,  reaction  with  cyanogen 
chloride,  46,  24 

Sulfuryl  chloride  in  chlorination  of  ani- 
sole,  47,  23 

l,3,4,6-Tetra-0-acetyl-2-amino-2- 

deoxy-a-D-glucopyranose  hydro¬ 
chloride  from  hydrolysis  of  2- 
acetamido-3,4,6-tri-0-acetyl-2- 
deoxy-a-D-glucopyranosyl  chlo¬ 
ride,  46,  3 

7,7,8,8-Tetracyanoquinodimethan,  46, 

28 

Tetrahydrofuran,  dangers  from  per¬ 
oxides  in,  46,  105 

drying  by  distillation  from  lithium 
aluminum  hydride,  46, 105 
stabilized,  46,  106 

Tetrahydrofuran,  purification  of 
(Warning) ,  46, 105 

TETRAMETHYLBIPHOSPHINE  DISULFIDE, 

46,  102 

Tetramethylethylene,  47,  36 
Tetraphenylcyclopentadienone,  from  di¬ 
benzyl  ketone  and  benzil,  46, 
45 

reaction  with  benzyne  to  form  1, 2,3,4- 
tetraphenylnaphthalene,  46, 109 
reaction  with  diphenylacetylene,  46, 

44 
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2,3,5,5-Tetraphenylisoxazolidine  from 
1,1-diphenylethylene  and  N,a- 
diphenylnitrone,  46,  129 
1,2,3,4-Tetraphenylnaphthalene,  46, 

107 

Tetraphosphorus  decasulfide,  reaction 
with  chloromethylphosphonic  di¬ 
chloride,  46,  21 

Thioanisole,  oxidation,  by  dinitrogen 
tetroxide,  46,  80 
by  hydrogen  peroxide,  46,  80 
by  lead  tetraacetate,  46,  80 
reaction  with  sodium  metaperiodate 
to  form  methyl  phenyl  sulfoxide, 

46,  78 

Thiocarbonyl  tetrachloride,  46,  21 
w-Thiocresol  (Warning),  47,  107 
Thionyl  chloride,  46,  16,  98 
Thiophosgene,  46,  21 
Thiophosphoryl  chloride,  reaction  with 
methylmagnesium  bromide  to 
yield  tetramethylbiphosphine 
disulfide,  46,  102 

Titanium  tetrachloride  as  catalyst  for 
condensation  of  dichloromethyl 
methyl  ether  with  mesitylene, 

47,  1 

/>-Tolualdehyde,  2-bromo-,  46, 13 
/>-Toluenesulfonamide,  alkylation  with 
o-xylylene  dibromide,  47,  111 
^-Toluenesulfonylbromide,  46,  88 
/>-Toluenesulfonyl  chloride  in  prepara¬ 
tion  of  methyl  isocyanide,  46, 

75 

o-Tolunitrile,  reaction  with  nitronium 
tetrafluoroborate,  47,  58 
1  -p-T OLYLCYCLOPROPANOL,  47,  108 
2- (p- T  OLYLSULFONYL)DIH  YDROISOIN- 
DOLE,  47,  110 

Trichloroacetyl  fluoride,  46,  6 
2-(Trichloromethyl)bicyclo[3.3.0]octane, 
from  reaction  of  chloroform  and 
cw,cis-l,5-cyclooctadiene,  47,  10 
hydrolysis  with  phosphoric  acid  to 
m>-«5-bicyclo[3.3.0]octane-2- 
carboxylic  acid,  47,  11 
1,1,3-Trichloro-m-nonane,  46, 104 
Tricyclo[2.2.1.02'6]heptan-3-ol,  46, 

74 


Tricyclo[2.2. 1  .02'6]heptan-3-one,  46, 

77 

2,4-Tridecanedione,  47,  95 
Triethylamine,  46,  18 
dehydrobromination  of  a-bromo-7- 
butyrolactone  with,  46,  23 
dehydrobromination  of  a,c/-dibromo- 
dibenzyl  ketone,  47,  62 
dehydrochlorination  of  cyclohexane- 
carbonyl  chloride,  47,  34 
in  synthesis  of  nicotinic  anhydride 
with  phosgene,  47,  90 
Triethyl  orthoformate,  condensation 
with  NjNhdiphenylethylene- 
diamine,  47,  14 

in  preparation  of  formamidine  ace¬ 
tate,  46,  39 

Triethyloxonium  eluoborate,  46, 

113 

from  ethyl  bromide  and  silver  fluo- 
borate  in  ether,  46,  114 
from  ethyl  fluoride  and  boron  trifluo¬ 
ride  etherate,  46,  114 
reaction  with  dimethyl  ether,  46,  120 
reactions  of,  46,  114 
storage  of,  46,  114 

Triethyl  phosphonoacetate,  reaction  of 
sodium  derivative  with  cyclo¬ 
hexanone  to  yield  ethyl  cyclo- 
hexylideneacetate,  46,  45 
Trifluoroacetic  anhydride,  46,  98 
/>,/3,/3-Trifluorostyrene,  47,  52 
Triisopropyl  phosphite  as  reagent  in  de¬ 
chlorination  of  decachlorobi-2,4- 
cyclopentadienyl,  46,  93 

1.3.5- Triketones,  from  aroylation  of  1,3- 

diketones,  46,  59 
from  4-pyrones,  46,  59 
Trimethylamine  oxide,  reaction  with 
w-octyl  iodide  to  yield  octanal, 
47,  96 

Trimethylamine  oxide  dihydrate,  dehy¬ 
dration  of,  47,  97 

2.6.6- Trimethyl-2,4-cyclohexadie- 

none,  46, 115 
dimerization  of,  46, 117 
Trimethyloxonium  eluoborate,  46, 

120 

reactions  of,  46,  121 


140 
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Trimethyloxonium  fluoborate,  storage 

of,  46,  121 

Trimethyloxonium  2,4,6-trinitro- 
BENZENESULFONATE,  46,  122 
2,4,6-Trinitrobenzenesulfonic  acid,  re¬ 
action  with  diazomethane,  46, 

123 

Triphenylaluminum,  46, 107 
Triphenylethylene,  photolysis  and  oxi¬ 
dation  to  9-phenylphenanthrene, 

46,  91 

2,3,5-Triphenylisoxazolidine,  46, 127 
Triphenylphosphine,  in  preparation  of 
dichloromethylenetriphenyl- 
phosphorane,  46,  33 
reaction  with  N,N-dimethylamino- 
benzaldehyde  to  yield  /3,/3-di- 
chloro-^-dimethylaminostyrene, 
46,  33 

reaction  with  sodium  chlorodifluoro- 
acetate  and  benzaldehyde,  47, 

50 

2,2,,2"-Tripyridine,  by-product  in  prep¬ 
aration  of  2,2 '-bipyridine,  46, 

9 


Unsolvated  w-butylmagnesium 
chloride,  47,  113 
Urea,*  cyclohexyl-,  46,  69 
Urea,  1-(2,6-dimethylphenyl)-2- 
thio-,  46,  70 

Valeryl  fluoride,  46,  6 
Vilsmeier  reagent,  reaction  with  ketones 
to  form  /3-chloro-a:,/3-unsaturated 
aldehydes,  46,  19 

Vinylidene  chloride,  reaction  with  so¬ 
dium  2-methoxyethoxide  to  yield 
ketene  di(2-methoxyethyl)  acetal, 

47,  78 

Wittig  reaction,  using  dichloromethyl- 
enetriphenylphosphorane,  46,  33 
using  phosphonate  carbanions,  46, 

46 

Wittig  reagent  for  preparation  of  /3,/3- 
dichloro- />-dimethylamino- 
styrene,  46,  33 

o-Xylylene  dibromide  in  alkylation  of 
^-toluenesulfonamide,  47,  111 
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